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1 . INTRODUCTION 
Heavy involvement by managers i n  t h e  use o f  computers f o r  
decision-making was an e a r l y  dream of  t h e  MIS profess ion  t h a t  has  
r a r e l y  been r e a l i z e d .  Recently however VISICALC [ I  9811 and a nunber 
o f  s i m i l a r  micro-computer-based accounting spread-sheet programs have 
d e f i e d  t h e  odds and been broadly used by managers. How d i d  David 
succeed where Goliath f a i l e d ?  ?here can b e ' l i t t l e  doubt t h a t  t h e  
answer l i e s  i n  t h e  ' u se r  i n t e r f a c e 1  provided by t h e s e  
programs--certainly t h e y  a r e  no t  a s  powerful func t iona l ly  a s  many 
so f tware  products a v a i l a b l e  on mini o r  maxi-computers. The term ' u s e r  
i n t e r f a c e '  covers  a l l  a spec t s  o f  t h e  communication between a user  and 
a program including ergonomic, e f f e c t i v e n e s s  and p s y c b l o g i c a l  
f a c t o r s .  Ihe s tudy o f  user  i n t e r f a c e s  has  r e c e n t l y  emerged a s  an 
important  a r ea  o f  concern fo r  commercial sof tware developers ,  computer 
s c i e n t i s t s  and r e sea rche r s  i n  t h e  a r e a  o f  k c i s i o n  Support Systems 
(DSS). Several books, (Mehlmann [19811, Shneiderman [:19801), and 
conferences (User I n t e r  faces  [ 19821 and mman Fac tors  [ 1982 1) 
h i g h l i g h t  progress  i n  t h i s  h i t h e r t o  neglec ted  a rea .  
Our purpose i n  t h i s  paper is  t o  d i s c u s s  t h e  user i n t e r f a c e  
requirements f o r  DSS sof tware .  In p a r t i c u l a r ,  we a r e  i n t e r e s t e d  i n  
how genera l ized  software systems can b e  designed t o  provide managers 
and t h e i r  s t a f f s  with software t o o l s  t h a t  can b e  used t o  bu i ld  DSSts 
t h a t  a r e  p leasant  and e f f e c t i v e  t o  use and r e a d i l y  modi f iab le  t o  meet 
changing needs. Our d i scuss ion  w i l l  concen t r a t e  on f e a t u r e s  t h a t  have 
been well-proven i n  a number o f  a p p l i c a t i o n s .  However we w i l l  a l s o  
mention some more f u t u r i s t i c  p o s s i b i l i t i e s  t o  provide  a longer  range  
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p e r  spec t i v  e . 
We w i l l  b e  concerned with t h e  following r o l e s :  
Designers: t h e  deve lopers  o f  t h e  genera l ized  DSS sof tware .  
Bui lders :  t h e  t e c h n i c a l  personnel within an organiza t ion  who 
use t h e  DSS generator  t o  bu i ld  da t abases  and models. 
In te rmediar ies :  s t a f f  personnel who perform d a t a  r e t r i e v a l s  
and c r e a t e  models t o  support  managers i n  t h e i r  decision-making . 
Managers: t h e  decision-makers; managers who may o r  may n o t  use 
t h e  DSS i n  a hands-on mode. 
In genera l  we w i l l  adopt t h e  poin t  o f  view o f  t h e  des igne r s .  Note 
t h a t  t h e  b u i l d e r s ,  i n t e rmed ia r i e s  and managers may be one and the  same 
person o r  t h a t  group decision-making may be  involved.  The poin t  h e r e  
is  t h a t  d i f f e r e n t  u se r s  w i l l  have d i f f e r e n t  l e v e l s  o f :  ( 1  ) s y n t a c t i c  
knowledge o f  t h e  software (how t o  use it) and ( 2 )  semantic knowledge 
o f  t h e  app l i ca t ion  (what should b e  done)--Shneiderman C19801. A DSS 
should provide t o o l s  such a s  acces s  t o  genera l  purpose languages ,  and 
fu l l - screen  e d i t o r s  f o r  t h e  b u i l d e r  a s  well  a s  menu-driven d i s p l a y s ,  
on l i n e  docmenta t ion  and a wide range  o f  d e f a u l t s  f o r  a managerial  
u se r .  
We a r e  i n t e r e s t e d  in  providing good i n t e r f a c e  c h a r a c t e r i s t i c s  i n  
a general-pur pose, t r a n s p o r t a b l e  DSS sof tware  package. An 
a r c h i t e c t u r e  fo r  such a package i s  o u t l i n e d  i n  Sect ion 2. In Sect ion 
3 we desc r ibe  some user i n t e r f a c e  a l t e r n a t i v e s  t oge the r  with a nunber 
o f  p r i n c i p l e s  of  good des ign  t h a t  appear  t o  have some empi r i ca l  
v a l i d i t y .  In Section 4 we develop a s e t  o f  d e t a i l e d  DSS i n t e r f a c e  
requirements.  Section 5 d e s c r i b e s  some genera l ized  software f o r  
meeting these  requirements.  In  Sec t ion  6 we provide an o v e r v i e w o f  
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t h e  r o l e  o f  languages i n  DSS; however we a r e  mainly concerned i n  t h i s  
paper  with non-language a s p e c t s  o f  u s e r  i n t e r  f a c e s .  Language 
f a c i l i t i e s  a r e  covered i n  a  companion paper (S tohr  and White [19821).  
ARCHITECTURE FOR A 
-- 
GENERATOR 
H i s t o r i c a l l y  t h e  f i r s t  exanples  o f  DSS sof tware  were ' S p e c i f i c  
DSS' t h a t  were b u i l t  from s c r a t c h  t o  provide computerized support  i n  a  
p a r t i c u l a r  dec i s ion  s i t u a t i o n .  Many such  systems a r e  descr ibed  i n  
A l t e r  [ I  9801. 'Ihe d i sadvantages  o f  t h i s  approach a r e  t h a t  t h e  systems 
were d i f f i c u l t  t o  bu i ld  and could no t  b e  used i n  o t h e r  c o n t e x t s .  
Recently however, a  nunber o f  sof tware  systems have appeared with 
q u i t e  s i m i l a r  c a p a b i l i t i e s  and s t r u c t u r e  . These 'DSS Generatorsf  
p rovide  t o o l s  t h a t  can b e  used t o  b u i l d  a  wide v a r i e t y  o f  c o r p o r a t e  
DSS. Some commercial exanples  i n c l u d e  EMPIRE [I 9821, EXPRESS [ I  9821, 
IFPS C19821, PLAT0 [ I  9821, SIMPLAN [ I  9821, and XSIM C19823. 
A l i s t  o f  d i f f e r e n t  t y p e s  o f  so f tware  t h a t  may be  included i n  a 
DSS genera tor  i s  given i n  Table 1. Obviously no c u r r e n t  system 
c o n t a i n s  a l l  o f  t he se  f e a t u r e s .  Nevertheless  a l l  o f  them have been 
used ( o r  i n  some c a s e s  proposed) .  From Table 1 one can see t h a t  a  
v e r s a t i l e  DSS genera tor  r e q u i r e s  a  g r e a t  d i v e r s i t y  o f  so f tware  
components. These might b e  invoked i n  any  sequence and must b e  a b l e  
t o  communicate with each  o t h e r  and with e x t e r n a l  d a t a  s o u r c e s  
inc lud ing  the  o rgan iza t ion '  s o p e r a t i o n a l  information system. An even 
more important message o f  Figure 1 is  t h a t  t h e r e  a r e  a  l a r g e  nunber o f  
p o t e n t i a l  po in t s  o f  c o n t a c t  between u s e r s  and t h e  DSS. In f a c t ,  t h e  
i n t e r f a c e  software may comprise t h e  g r e a t e s t  p a r t  o f  t h e  system (ove r  
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60% i n  t h e  GADS system--earlson and S u t t o n ,  [ I  9741). 
There  a r e  two p o s s i b l e  approaches  t o  b u i l d i n g  a  DSS g e n e r a t o r  
wi th  v e r y  g e n e r a l  c a p a b i l i t i e s .  The f i r s t  s t r a t e g y  i s  e x e m p l i f i e d  b y  
some commercial  g e n e r a t o r s  t h a t  f o c u s  on a  p a r t i c u l a r  f u n c t i o n  ( s a y  
f i n a n c i a l  p lann ing)  bu t  a l l o w  t h e  u s e r  t o  l i n k  t o  o t h e r  s o f t w a r e  when 
n e c e s s a r y .  An ex t reme  e x m p l e  o f  t h i s  approach  i s  advocated b y  
Donovan, [ I 9 7 6 1  whose GlIS sys tem p r o v i d e s  a  f r a m e w r k  i n  which many 
d i f f e r e n t  s o f t w a r e  sys tems  can  b e  i n t e g r a t e d  us ing  d a t a  b a s e  
t e c h n o l o g y  and a  sys tem o f  communicating v i r t u a l  machines .  In t h i s  
way l a n g u a g e s  and modeling t o o l s  ( APL, PL/1, TSP, EPLAN and E d i t o r s )  
were u n i t e d  wi th  d a t a  b a s e  f a c i l i t i e s  (SEQUEL, IMS, QUERY-BY-EXAMPLE) . 
The second approach t o  b u i l d i n g  a  g e n e r a l  purpose  DSS g e n e r a t o r  
i s  t o  a t t e m p t  t o  i n t e g r a t e  a  broad r a n g e  o f  t h e  c a p a b i l i t i e s  shown i n  
Table  1. ?his seems t o  b e  t h e  approach  o f  some commercial DSS 
packages  s u c h  a s  XSIM, EXPRESS, and PLATO. 
A d e s i g n  ph i losophy  somewhere between t h e s e  two e x t r e m e s  seems t o  
us t o  b e  b o t h  d e s i r a b l e  and f e a s i b l e .  Thus we b e l i e v e  t h a t  a  DSS 
Generator  should  p r o v i d e :  ( 1  ) ' p repackaged s o f t w a r e t  i n  t h e  form o f  
modeling and d a t a  r e t r i e v a l  l a n g u a g e s  t h a t  can  b e  used as--is b y  
b u i l d e r s ,  i n t e r m e d i a r i e s  and managers ;  ( 2 )  t o o l s  t h a t  a l l o w  t h e  
b u i l d e r s  t o  ex tend  t h e  c a p a b i l i t i e s  o f  t h e  g e n e r a t o r  and t o  i n t e r f a c e  
it with  o t h e r  s o f t w a r e  a s  needed.  
To f o c u s  o u r  d i s c u s s i o n  we w i l l  use  t he  f r a m e w r k  d e p i c t e d  i n  
Figure  1 (adopted from Ginzberg and S tohr  [19811, s e e  a l s o  Sprague and 
Watson (1  9761 and Ebnczek e t  a 1  [ I  9801).  In  a  s e n s e  a l l  DSS 
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g e n e r a t o r s  h a v e  t h e  major  a r e a s  o f  f u n c t i o n a l i t y  shown i n  t h e  f i g u r e  
t o  some d e g r e e .  ibwever o u r  v iewpoin t  is  t h a t  e a c h  component i s  an 
i n d e p e n d e n t  s o f t w a r e  sub-system p o s s e s s i n g  a  h i g h  d e g r e e  o f  
f u n c t i o n a l  i t y ,  The Data Base Manag a n e n t  System (DBMS), User I n t e r f a c e  
System (UIS)  , Language I n t e r f a c e  System ( L I S )  and Model Managanent 
System (MMS) communicate wi th  e a c h  o t h e r  t o  i n t e g r a t e  t h e  d i f f e r e n t  
f e a t u r e s  i n  Table  1. Each o f  t h e s e  f o u r  components can  b e  regarded  a s  
a n  a b s t r a c t  machine t h a t  h i d e s  p h y s i c a l  implementa t ion d e t a i l s  from 
t h e  o t h e r  components. 'Ihus: t h e  UIS i s  r e s p o n s i b l e  f o r  a s p e c t s  o f  
user-sys tem communication; t h e  DBMS manages l o g i c a l  and phys ica l  d a t a  
a c c e s s  p a t h s ;  t h e  MMS manages t h e  a c c e s s i n g  and execu t ion  o f  
p r o c e d u r e s  and programs t h a t  r e s i d e  i n  t h e  'Model Basef l i b r a r y ;  t h e  
LIS c o n s i s t s  o f  a  nunber  o f  l a n g u a g e  t r a n s l a t o r s  t h a t  i n t e r p r e t  u s e r  
r e q u e s t s  d i r e c t e d  t o  t h e  DBMS, MMS and System D i r e c t o r y .  Tne l a t t e r  
c o n t a i n s  rneta-knowledge abou t  t h e  d a t a  and p r o c e d u r e s  a v a i l a b l e  w i t h i n  
t h e  p lann ing  system and t h e i r  i n t e r r e l a t i o n s h i p s .  It p r o v i d e s  
i n f o r m a t i o n  f o r  t h e  DBMS and MMS a s  w e l l  as  o n l i n e  d o c u n e n t a t i o n ,  h e l p  
and t r a i n i n g  a i d s  f o r  t h e  u s e r .  F i n a l l y ,  t h e  Data Conversion System 
a l l o w s  communication between t h e  r e s i d e n t  d a t a  b a s e  o f  t h e  DSS 
g e n e r a t o r  and e x t e r n a l  d a t a  b a s e s  and f i l e s .  
F i g u r e  1 does  n o t  n e c e s s a r i l y  r e p r e s e n t  a  s o f t w a r e  a r c h i t e c t u r e  
( f o r  e x a n p l e  t h e  System D i r e c t o r y  migh t  r e s i d e  i n  t h e  DBMS a n d / o r  
W S ) .  However it d o e s  r e p r e s e n t  a  c o n v e n i e n t  f u n c t i o n a l  grouping o f  
t h e  s o f t w a r e  t h a t  r e s e m b l e s  some e x i s t i n g  p r o t o t y p e  sys tems.  We w i l l  
d i s c u s s  t h e  UIS and LIS i n  some d e t a i l  h e r e .  For  e x p l a n a t i o n s  o f  t h e  
r o l e s  p layed  b y  t h e  BMS and MMS s e e  b n o v a n  [ 19761, Bonczek e t  a 1  
[ I9801 and Sprague and Car l son  C19821. 
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3 ,  INTERFACE DESIGN ISSUES 
I n  t h i s  s e c t i o n  we will d i s c u s s  some g e n e r a l  o b j e c t i v e s  f o r  
i n t e r f a c e  d e s i g n ,  s u r v e y  t h e  a v a i l a b l e  hardware  and s o f t w a r e  d e s i g n  
c h o i c e s  and f i n a l l y  d e s c r i b e  r e s e a r c h  c o n c e r n i n g  how t h e  d e s i g n  
a l t e r n a t i v e s  can  b e  used t o  meet  t h e  d e s i g n  o b j e c t i v e s .  Tne 
d i s c u s s i o n  w i l l  b e  b r i e f  s i n c e  we i n t e n d  o n l y  t o  p r o v i d e  a  background  
f o r  t h e  more d e t a i l e d  d e v e l o p n e n t  o f  E S  i n t e r f a c e  r e q u i r e m e n t s  i n  t h e  
r e m a i n d e r  o f  t h e  pape r .  
O b j e c t i v e s  f o r  DSS I n t e r f a c e  Design 
--
I n  g e n e r a l  a  u s e r  i n t e r f a c e  s h o u l d :  
( 1  ) Be e a s y  t o  l e a r n ,  u s e  and remember 
( 2 )  Be h e l p f u l  when p rob lems  a r i s e  
( 3 )  BE! s u i t a b l e  f o r  b o t h  n o v i c e  and e x p e r t  u s e  
( 4 )  BE! e f f i c i e n t  i n  t h e  u s e  o f  s y s t e m  r e s o u r c e s  
( 5  ) Promote e f f i c i e n t  u s a g e  
( 6  ) Promote e f f e c t i v e  usage - -be t t e r  dec i s ion -mak ing  
( 7 )  P r o v i d e  f o r  a  r a n g e  o f  d i f f e r e n t  media and i n t e r a c t i o n  
s t y l e s  
% r e  d e t a i l e d  l ists o f  o b j e c t i v e s  f o r  i n t e r a c t i v e  i n t e r f a c e  
d e s i g n  have  been p r o p s e d  b y  v a r i o u s  a u t h o r s  and a r e  r ev iewed  i n  
Shneiderman C19801,Ch.lO. The m a j o r  i n j u n c t i o n  f o r  d e s i g n e r s  i s  'know 
t h y  u s e r 1  . The d e s i g n e d  sys t em s h o u l d  also know i t s e l f  i n  t h e  s e n s e  
t h a t  it h a s  s u f f i c i e n t  knowledge t o  i n s t r u c t  t h e  u s e r  and t o  p r e v e n t  
e r r o n e o u s  u s a g e .  
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F o r  IXjS s o f t w a r e  t h e  g e n e r a l  o b j e c t i v e s  l i s t e d  above can  b e  
sha rpened  somewhat. F i r s t ,  r e c a l l i n g  Keen, [ I  9801 we n o t e  t h a t  DSS i s  
c h a r a c t e r i z e d  b y  an e v o l u t i o n a r y  development p r o c e s s  i n v o l v i n g  t h r e e  
d i a l o g u e s  between: t h e  u s e r  and t h e  b u i l d e r ,  t h e  u s e r  and t h e  sys tem,  
and t h e  b u i l d e r  and t h e  sys tem.  S i n c e  t h e  o b j e c t i v e  o f  a  DSS 
Genera to r  is t o  speed t h i s  p r o t o t y p i n g  p r o c e s s  we must  s u p p o r t :  
( 1  The b u i l d e r  - by p r o v i d i n g  u s e f u l  i n t e r f a c e s  t o  programming 
and o t h e r  deve lopnen t  f a c i l i t i e s .  S ince  t h e  b u i l d e r  w i l l  
b e  a  f r e q u e n t  u s e r  wi th  h i g h  s y n t a c t i c  knowledge a  compact 
and e f f i c i e n t  s t y l e  o f  d i s c o u r s e  should  b e  p rov ided .  
( 2 )  The u s e r s  - by p r o v i d i n g  h e l p  f a c i l i t i e s  and a  r a n g e  o f  
i n t e r f a c e  s t y l e s .  Managers may b e  i n f r e q u e n t  u s e r s  wi th  
low s y n t a c t i c  knowledge. 'Ihey w i l l  need an easy-to-use 
' b i g  p i c t u r e '  i n t e r f a c e  t h a t  a l l o w s  r a p i d  a c c e s s  t o  
impor tan t  prepackaged i n f o r m a t i o n .  I n t e r m e d i a r i e s  w i l l  
b e  f r e q u e n t  u s e r s :  a f t e r  a  b r i e f  p e r i o d  o f  l e a r n i n g  t h e y  
w i l l  wish t o  p r o g r e s s  t o  more complex a p p l i c a t i o n s  and 
w i l l  b e  w i l l i n g  t o  l e a r n  more advanced system f e a t u r e s  
and t o  s t r eam- l ine  t h e i r  i n t e r a c t i o n .  
Secondly,  s i n c e  a  E S  i s  used to enhance problem s o l v i n g  
p r o c e s s e s  it i s  i m p o r t a n t  t o  p r o v i d e  s u p p o r t  a t  t h e  semant ic  l e v e l :  
( 1 )  A nunber o f  d i f f e r e n t  e x t e r n a l  r e p r e s e n t a t i o n s  o f  t h e  same 
i n f o r m a t i o n  (e .g  . , t a b l e s  and g r a p h s )  . 
( 2 )  Methods f o r  a g g r e g a t i n g ,  g roup ing  and f i l t e r i n g  i n f o r m a t i o n ,  
and f o r  o p e r a t i n g  on grouped and aggrega ted  o b j e c t s .  
( 3 )  Short-term manory a i d s  t h a t  h e l p  u s e r s  know t h e i r  c u r r e n t  
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p o s i t i o n  and t h e  a v a i l a b l e  a l t e r n a t i v e s .  
( 4 )  Longer-term memory a i d s  t h a t  h e l p  u s e r s  t r a c k  and record  
i n t e r m e d i a t e  c a l c u l a t i o n s  and t r i a l  r e s u l t s  ( an a u d i t  
t r a i l )  . 
F i n a l l y ,  s i n c e  t h e  use o f  a  DSS is  o f t e n  v o l u n t a r y ,  we need t o  
make t h e  i n t e r f a c e  f u n c t i o n a l l y  u s e f u l  and enhance t h e  p r o d u c t i v i t y  
and enjoyment o f  u s e r s .  I h e  l a t t e r  r e q u i r e s  an  unders tand ing  o f  
c o g n i t i v e  p r o c e s s e s  and o f  t h e  d e t e r m i n a n t s  o f  u s e r  s a t i s f a c t i o n .  
Fmpi r i ca l  r e s e a r c h  ( b u d  [ 1979 1) has  e s t a b l i s h e d  t h e  e x i s t e n c e  o f  
p e r s i s t a n t  p e r c e p t u a l  and c o g n i t i v e  p a t t e r n s  o f  problem s o l v i n g  anong 
i n d i v i d u a l s .  To s u p p o r t  t h e s e  d i f f e r e n t  ' c o g n i t i v e  s t y l e s '  we must  
p r o v i d e  i n t e r f a c e s  t h a t  a d a p t  r a p i d l y  t o  d i f f e r e n t  i n f o r m a t i o n  danands  
and sequences  o f  p r o c e s s i n g  s t e p s .  
P h y s i c a l  k s i g n  A l t e r n a t i v e s  
An i n i t i a l  p h y s i c a l  d e s i g n  c o n s i d e r a t i o n  i n v o l v e s  t h e  c h o i c e  o f  a  
s u i t a b l e  combinat ion o f  i n f o r m a t i o n  mode, i n p u t / o u t p u t  d e v i c e  and 
mechanism f o r  c o n t r o l l i n g  o p e r a t i o n s .  Some common a l t e r n a t i v e s  a r e  
shown i n  Table  2. A DSS Generator  may s u p p o r t  s e v e r a l  c o m b i n a t i o n s  
s u c h  a s  ( C h a r a c t e r ,  Dumb CRT, Typing) and ( G r a p h i c s ,  Graph ics  CRT, 
l i g h t - p e n )  . A f u r t h e r  ha rdware / so f tware  d e s i g n  c o n s i d e r a t i o n  i n v o l v e s  
t h e  nunber o f  ' in fo rmat ion  c h a n n e l s '  ( p h y s i c a l  o r  l o g i c a l  t e r m i n a l s )  
a v a i l a b l e  a t  any  one s i t e :  ( 1 )  a  s i n g l e  i n t e r f a c e  ( 2 )  m u l t i p l e  
i n t e r f a c e s  with o n l y  one  i n t e r f a c e  a c t i v e  a t  a n y  o n e  t i m e  o r  ( 3 )  
m u l t i p l e  s i m u l t a n e o u s l y  a c t i v e  i n t e r f a c e s .  As an  e x a n p l e  o f  ( 2 )  one 
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TABLE 2 
PHYSICAL INTERFACE DESIm CHOICES 
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Mechanism f o r  
Con t ro l l i ng  
Opera t ions  I 1 
Typing 
Funct ion  keys 
'Picking1 Device: 
I 
Light-pen, touch- I ,
sc reen ,  mouse, 
j o y s t i c k  
I n  f o r  matior? 
Mode 
t Charac ter  ( includ- 
i ng  nuneric  d a t a )  
Input/Output 
Device 
Hard Copy Terminal 
Dumb CRT 
Semi- scn a r  t 
Smart CRT 
. Large Screen  
Line  P r i n t e r  
Graphics  
Voice 
Graphics Terminal I 
CRT and Remote P l o t t e r  i I 




might h a v e  a  g r a p h i c s  CRT and p l o t t e r ;  a s  e x a n p l e s  o f  ( 3 )  one m i g h t  
h a v e  s e v e r a l  lwindows' on one  s c r e e n  run  b y  d i f f e r e n t  a p p l i c a t i o n  
programs (Wlneman e t  a 1  C19773) o r  s e v e r a l  CRT1s d i s p l a y i n g  s p a t i a l  
and o t h e r  in fo rmat ion  a t  d i f f e r e n t  l e v e l s  o f  d e t a i l  ( H e r o t  C19821). 
F i n a l l y ,  f o r  c o o p e r a t i v e  decision-making a s  i n  t e l e c o n f e r e n c i n g  ( H i 1  t z  
and Tbrof f  [I981 I ) ,  t h e  d e s i g n  migh t  i n v o l v e  m u l t i p l e  s i i e s  
i n t e r a c t i n g  using one o r  more i n f o r m a t i o n  c h a n n e l s .  
For a  s i n g l e  i n f o r m a t i o n  channe l  an i n t e r f a c e  d e s i g n  s t a r t s  w i t h  
t h e  c h o i c e  o f  one o r  more a l t e r n a t i v e s  from w i t h i n  e a c h  o f  t h e  t h r e e  
c a t e g o r i e s  shown i n  Tab le  2. k w e v e r  many more d e s i g n  c h o i c e s  a r e  
r e q u i r e d .  Thus i f  t h e  p h y s i c a l  d e s i g n  i n v o l v e s  ( C h a r a c t e r ,  dunb CRT, 
t y p i n g )  t h e  d e s i g n e r  must s t i l l  choose :  t h e  s c r e e n  fo rmats  and 
i n t e r a c t i o n  sequence f o r  b o t h  i n p u t  and o u t p u t ,  t h e  command l a n g u a g e  
s y n t a x ,  and so on.  These a l t e r n a t i v e s  w i l l  b e  c o n s i d e r e d  i n  more 
d e t a i l  i n  Sec t ion  4. 
Tne r a n g e  o f  t e c h n o l o g y  a v a i l a b l e  i s  v e r y  broad and expanding 
r a p i d l y  p r e s e n t i n g  i n t e r f a c e  d e s i g n e r s  wi th  d i f f i c u l t  c h a l l e n g e s  and 
i n t e r e s t i n g  p o s s i b i l i t i e s .  For f u t u r e  r e f e r e n c e ,  T a b l e s  3A and 3 B  
l i n k  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  v a r i o u s  t y p e s  o f  d e v i c e  t o  t h e  
i n t e r  f a c e  a p p l i c a t i o n s  t h a t  t h e y  e n a b l e .  
I n t e r f a c e  & s i g n  P r i n c i p l e s  
We t u r n  now t o  a b r i e f  c o n s i d e r a t i o n  o f  t h e  major  f a c t o r s  t h a t  
shou ld  b e  cons ide red  i n  a t t e m p t i n g  to  produce a  c o s t - e f f e c t i v e  d e s i g n .  
These a r e  shown i n  Tab le  4 t o g e t h e r  w i t h  r e f e r e n c e s  t o  some r e l a t e d  
1 i t e r a t u r e .  They f a l l  i n t o  f o u r  g r o u p s :  u s e r - o r i e n t e d ,  
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P h y s i c a l  
Dev ice  A t t r i b u t e s  
I n t e r  f a c e  
S t y l e s  1 
A d d i t i o n a l  
F e a t u r e  
Hard-copy 80 t o  132 c h a r a c t e r s  Cber y/ Response , 
T e r m i n a l  Upper/Lower case Command 
h m b  CRT 24 x 80  c h a r a c t e r s  & n u L  
( u p  t o  65 x 132) 
Semi-smar t  Block  T r a n s n i s s i o n  % r e e n  ~ o r m s ~  
CRT P r o t e c t e d  f i e l d s  F u l l  S c r e e n  
I n  s e r  t/ d e l  e t e  1 i n e /  Ed i t i n g  
c h a r a c t e r  
C l e a r  Screen  
Cur s o r  P o s i t i o n i n g  
S c r o l l  Up/Down 
B l i n k i n g ,  c o l o r ,  i n -  
t e n s i t y ,  r e v e r s e  v i d e o  
S n d  m o d i f i e d  f i e l d s  
on1 y 
P r i n t e r  port 
Video o u t p u t  
Mu1 t i p l  e  i n p u t  p o r t s  
% a r t  Kb wn/Lo ad a b l  e 
Program- D i s k  s t o r a g e  
mabl  e  
CRT 
C  RT Li g  h t  pen 
Attach-  Dig it z e r  
m e n t s  Cross-ha i r  
b use  
Sp l  it S c r e e n s  
H i g h l i g h t  impor- 
t a n  t i n  f o r m a t i o n  
Reduce t r a n s n i s -  
s i o n  c o s t  
Loca l  h a r d c o p y  
D - i v e  m o n i t o r s  f o r  
p e e r  p r e s e n t a t i o n s  
Connect  t o  m u l  t i p l  e 
s y s t e m s  s i m u l  ta- 
n e o u s l  y  
Loca l  e d i t  c h e c k s  
Loca l  s t o r a g e  o f  Forms 
P i c k i n g ,  p o i n t i n g  
a 1  t e r n a t i v e s  t o  
t y p i n g  
1 . Cumula t ive  ( e a r l i e r  i n t e r f a c e  s t y l e s  a r e  a 1  so s u p p o r t e d )  . 
2. T r a n s n i s s i o n  s p e e d s  > 1200  baud r e q u i r e d .  
TABLE 3A 
CHARACTER-ORIENTED DEVICE CHARACTERISTICS 
A N D  USER INTERFACE APPLICATIONS 
- -
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Phys ica l  
Device A t t r i b u t e s  
Addit ional  
Fea tu re s  
Black & Bit-mapped Allows hard ware 
White r a s t e r  f i l l  & o the r  f e a t u r e s  
& Color 
Graphics  Vector Very f a s t  f o r  l i n e  
CRT ' s drawing 
Segmentation and Rapid reorgani  za t ion  
r o t a t i o n  o f  a  c h a r t  
Zooming Blow up p o r t i o n s  o f  
c h a r t  





D i g i t i z e r  
Cross h a i r  
b use 
Direc t manipulat ion 
systems p o s s i b l e  
Black & Matrix 
White 
Graphics 
P r i n t e r  
E l e c t r o s t a t i c  
F a s t ,  inexpens ive  
low r e s o l u t i o n  
hard copy 
Very f a s t ,  h i g h  




P r i n t e r  
Laser 
Photographic 
k d i u n  f a s t ,  inex- 
pens ive ,  low r e -  
s o l u t i o n  c o l o r  
F a s t ,  expens ive ,  
mediun r e s o l u t i o n  
co lo r  
Very f a s t ,  expen- 
s i v e ,  s l i d e s  and 
po in t s  (same r e s -  
s o l u t i o n  a s  monitor)  
TABLE 3B 
GRAPHICS D E V I C E  CHARACTERISTICS 
AND USER INTERFACE APPLICATIONS 
--
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CATEGORY ISSUEIVARIABLE REF ERENC ES 
USER C o g n i t i v e  s t y l e s  &son & M i  t r o f f  E 1 973 1 
Zmud [I9771 
Naming c o n v e n t i o n s  Sc hneid  er [ 1 982 I 
A t t i t u d e  - a n x i e t y  - en thus i a sm Wal the r  & O f N e i l  [ I9741 
S y n t a c t i c  v s  s e m a n t i c  knowledge Shneid erm an 1 1 980 1 . 
TASK Data  r e t r i e v a l  V a s s i l  i o u  & J a r k e  [ 1982 1 
I n t e r a c t i v e  p r o b l  rn s o l v i n g  h a d o r  & Ness [ 1 9741 
Hol loway & Mantey 1 1975 I 
Mu1 t i - a t t r i b u t e  d ec is ion-making C a r l s o n  & S u t t o n  [ 1974 1 
J a c o b  & Sprague  [I9801 
I n t e l l i g e n c e ,  d e s i g n ,  c h o i c e  Sprague  & Car l son  [ 19821 
p h a s e s  
EFF I C  IENC Y Response t i m e s  Miller 119731 
Screen-forms f o r  d a t a  e n t r y  Mehlmann 11981 I 
Screen-forms f o r  d a t a  q u e r y  Greenb l  a t t  & Waxman1 1 978 I 
T e x t  e d i t o r s  : 1 i n e  v s  f u l l  s c r e e n  R o b e r t s  [ 1 982 1 
Menu k i v e r s  Rober t son  e t  a 1  [ I  981 I 
S a v a g e  e t  a 1  119821 
Prompt / r e sponse  i n t e r f a c e  G a i n e s  [ 1982 I 
Command l a n g u a g e s  v s menus G i l f o i l  11 9821 
EFFECTIVE- G r a p h i c  v e r s u s  Tabu la r  o u t p u t  Remus 1 1 982 I 
NESS Keen & S c o t t  Morton [ 19781 
TABLE 4 
SOME MAJOR DESIGN CONSIDERATIONS 
--
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task-or ien ted  , e f f i c i e n c y  and e f f ec t iveness .  Although t h e r e  does  n o t  
seem to  b e  an o v e r a l l  theory  o f  i n t e r f a c e  des ign  t h e r e  a r e  a  nunber o f  
d e s i g n  p r i n c i p l e s  and empirical f i nd ings ,  some o f  which a r e  shown i n  
Table 5. However, many i n t r i g u i n g  ques t ions  remain unanswered and 
t h e r e  is  a s  yet  l i t t l e  guidance fo r  cos t -benef i t  a n a l y s i s  o f  t h e  
v a r i o u s  i n t e r f a c e  choices  such a s  c o l o r  ve r sus  black-and-white 
g r a p h i c s .  
Before leaving  t h i s  s e c t i o n  we should mention t h e  'ROMC'  
methodology f o r  E S  i n t e r f a c e  des ign  (Sprague and Carlson [ 1982 1 ) .  
According t o  t h i s  technique,  t h e  design should proceed by f ind ing  ( 1 ) 
a  s u i t a b l e  - Representation ( a l g e b r a i c ,  t a b u l a r  o r  graphic)  of  u se r  
concepts ,  ( 2 )  a  s e t  o f  - Cperat ions on t h o s e  r e p r e s e n t i o n s  t h a t  a r e  
usefu l  f o r  problan-solving , ( 3 )  a  s e t  o f  - Memory a i d s  t o  overcome human 
memory l i m i t a t i o n s  and ( 4 )  a  s e t  o f  - Control mechanisms t h a t  a l low t h e  
user  cons ide rab le  freedom in  u t i l i z i n g  t h e  t h r e e  preceding s e t s  o f  
t o o l s .  The r e p r e s e n t a t i o n s  and o p e r a t i o n s  p a r t  o f  t h i s  paradigm is 
s i m i l a r  t o  an observat ion by Shneiderman [I9821 concerning the  
proper ty  o f  d i r e c t  manipulation t h a t  he f e e l s  c h a r a c t e r i z e s  good 
( and exc i t i ng )  computer i n t e r f a c e s .  ?he i r  b a s i c  c h a r a c t e r i s t i c s  a r e  
t h a t  t h e  o b j e c t  o f  i n t e r e s t  should be  v i s i b l e ,  t h a t  it should b e  
manipulable d i r e c t l y  r a t h e r  than v i a  a  command language ,  and t h a t  a l l  
o p e r a t i o n s  should be r a p i d l y  and e a s i l y  r e v e r s i b l e .  A s  exanples  o f  
good i n t e r f a c e  des igns  he c i t e s  t h e  many s u c c e s s f u l  video ganes t h a t  
a r e  now f looding  the  market. 
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G e n e r a l  F Y i n c i ~ l e s :  
o  P r o v i d e  s u f f i c i e n t  f u n c t i o n a l i t y  and e f f i c i e n c y  t o  make t h e  
sys tem u s e f u l .  
o  Reduce t h e  nunber o f  a c t i o n s  and e f f o r t  r e q u i r e d  t o  a c h i e v e  a  
r e s u l t  ( e .g . ,  minimize k e y s t r o k e s ,  e y e  movement and musc le  f a t i g u e ) .  
o  P r o v i d e  c o n s i s t e n c y  o f  command fo rmats  and o t h e r  convent ions--  
announce rules t o  u s e r s .  
User C o n t r o l  o f  t h e  System: 
- --
o  Commands t h a t  change t h e  s t a t e  o f  t h e  system should  b e  e a s i l y  
r e v e r s i b l e  (e .g  ., a l l o w  u s e r s  t o  back-out e r r o n e o u s  u p d a t e s )  . 
o  P r o v i d e  immediate feedback-announce e r r o r s  o r  conf i rm s u c c e s f u l  
a c t i o n s  . 
o  P r o v i d e  i n f o r m a t i o n  on c u r r e n t  s t a t e - - p o s i t i o n  i n  a  menu 
h i e r a r c h y ,  p r o g r e s s  on a  l e n g t h y  p r o c e d u r e  e x e c u t i o n .  
o  Allow t h e  use r  t o  s t o p  p r o c e s s i n g  a t  a n y  r e s p o n s e  p o i n t  wi thout  
j e o p a r d i z i n g  system i n t e g r i t y .  
A s s i s t a n c e  - f o r  Inexper ienced Users:  
o  Simple i n t e r f a c e s  t h a t  d o n ' t  r e q u i r e  l e a r n i n g  command l a n g u a g e  
s y n t a x  . 
o  P r o v i d e  s e n s i b l e  d e f a u l t s  t o  avoid t h e  n e c e s s i t y  f o r  l e a r n i n g  and 
t y p i n g  complex s p e c i f i c a t i o n s  (e.g . , g r a p h s  and r e p o r t s  shou ld  
have d e f a u l t  f o r m a t s ) .  
o  P r o v i d e  a c c e s s  t o  o n l i n e  ' h e l p '  d o c u n e n t a t i o n  from a l l  r esponse  
p o i n t s  ( e . g .  b y  t y p i n g  'HELP1). 
o  P r o v i d e  hard copy a s  we l l  a s  o n l i n e  d o c u n e n t a t i o n .  
E f f i c i e n t  I n t e r f a c e s  - f o r  Experienced Users  
o  Prov ide  s h o r t - c u t s  a c r o s s  menu-lev e l s  and i n  prompt/ r e sponse  
i n t e r  f a c e s .  
o  P rov ide  c o n c i s e  command l a n g u a g e s  wi th  f u l l  f u n c t i o n a l i t y .  
o  Allow a b b r e v i a t i o n s  o f  commands. 
Respon se-Tim es/Di s p l  ays  Ra tes  
o  T a i l o r  t h e  e f f i c i e n c y  o f  t h e  i n t e r f a c e  t o  t h e  t a s k  s i t u a t i o n - -  
r educe  u n p r e d i c t a b i l i t y .  
TABLE 5 
SOME PR I N C  I R E S  OF INTERACTIVE INTERFACE DESIGN 
-
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We w i l l  r e t u r n  t o  t h e s e  c o n c e p t s  o f  good d e s i g n  a  nunber  o f  times 
a s  we a t t e m p t  t o  d e r i v e  a  set o f  s o f t w a r e  f e a t u r e s  t h a t  shou ld  b e  
provided b y  a  DSS g e n e r a t o r .  
4. REQUIREMENTS FOR A DSS INTERFACE 
--- 
We f irs t  d i s c u s s  t h r e e  r e 1  a ted  t o p i c s :  ' d i a l o g u e  s t y l e '  , 
r e s p o n s e - t i m e / d i s p l  ay  r a t e  r e q u i r e m e n t s  and he1 p  f e a t u r e s .  'his is 
fo l lowed  b y  more s p e c i a l i z e d  t r e a t m e n t s  o f  e a c h  o f  t h e  t h r e e  
i n f o r m a t i o n  modes--charac t e r  , g r a p h i c s  and v o i c e  t h a t  were o r i g i n a l l y  
i n t r o d u c e d  i n  Table  2. 
Suppor t  - f o r  Dialogue S t y l e s  
The d i a l o g u e  component o f  t h e  i n t e r f a c e  i s  concerned with t h e  
two--way f l o w  o f  c o n t r o l  i n f o r m a t i o n  t h a t  a l l o w s  t h e  u s e r  t o  d i r e c t  
t h e  e x e c u t i o n  o f  t h e  d a t a  b a s e  and model components,  t o  r e c e i v e  h e l p  
i n f o r m a t i o n  and tx, perform d a t a  e n t r y  o r  programming t a s k s .  The major  
s t y l e s  o f  d i a l o g u e  a r e  shown i n  Tab le  6 t o g e t h e r  wi th  t h e  f u n c t i o n s  
f o r  which e a c h  a p p e a r s  most  s u i t e d ,  t h e  l e v e l  o f  s y n t a c t i c  knowledge 
needed and t h e  so f tware  and hardware r e q u i r e m e n t s  f o r  e f f e c t i v e  u s a g e .  
Useful  d i s c u s s i o n s  o f  t h e  v a r i o u s  t e c h n i q u e s  a r e  c o n t a i n e d  i n  M a r t i n ,  
C 19731 whi le  Shneiderman C19801 summarizes some e x p e r i m e n t a l  r e s u l t s .  
Prompt/Response - The computer prompts and u s e r s  respond i n  a  
s e q u e n t i a l  c o n v e r s a t i o n a l  s t y l e .  %me s y n t a c t i c  knowledge i s  r e q u i r e d  
i n  o r d e r  t o  choose an a p p r o p r i a t e  r e s p o n s e .  Th i s  c a n  b e  provided 
c o n v e n i e n t l y  b y  'Help1 f e a t u r e s  (e .g  ., t h e  u s e r  t y p e s  a  q u e s t i o n  mark 
and r e c e i v e s  a  menu o f  p e r m i s s i b l e  c h o i c e s ) .  T n i s  d i a l o g u e  s t y l e  i s  
a p p r o p r i a t e  f o r  inexper ienced  u s e r s  who must b e  l e d  t h r o u g h  a  nunber  
o f  d i f f e r e n t  p a t h s  i n  o r d e r  to s p e c i f y  t h e i r  r e q u i r e m e n t s .  Ebwever, 
t h e  l a r g e  nunber  o f  i n t e r a c t i o n s  makes a  prompt-response i n t e r  f a c e  
cunbermme--especia l ly  i f  t h e  u s e r  c a n  a n t i c i p a t e  t h e  q u e s t i o n  p a t h  
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N . A .  
and t h e  communication mediun is slow. Prompt/Response i n t e r f a c e s  can  
b e  made more useable  by al lowing u s e r s  t o  "save1* pas t  r eques t  
sequences s o  t h a t  t h e  system does n o t  r e p e a t  a l l  t h e  queries .  The 
prompt/response s t y l e  can b e  implemented without s p e c i a l  equipnent o r  
sof tware  and can be  used with both CRT and hardcopy te rmina ls .  
However, t o  achieve uniformity o f  i n t e r f a c e  s t y l e  and reduce 
a p p l i c a t i o n  programming c o s t s ,  s p e c i a l  d ia logue  software has been 
proposed ( e , g .  Gaines [ I  981 I). 
Menu-Selection: Users a r e  given a  l i s t  o f  o p t i o n s  from which t o  
choose. Menus reduce user  input  t o  a  minimun and show t h e  user - a l l  
p o s s i b l e  responses ,  'his makes them e x c e l l e n t  i n t e r f a c e s  f o r  n a i v e  
u s e r s ,  s i n c e  t h e  system is providing cons ide rab le  s t r u c t u r i n g .  Menu 
c h o i c e s  can a l s o  be made using l i g h t  pens and o t h e r  picking dev ices  
t h e r e b y  e l imina t ing  keyboard input  e n t i r e l y .  Unfortunately , a  menu 
system involves  a  l a r g e  amount o f  d a t a  t r a n s f e r  from t h e  DSS system t o  
t h e  user1  s d i s p l a y  dev ice .  Hence it r e q u i r e s  CRTs and a  high speed 
l i n k  t o  the  computer system. %me E S  g e n e r a t o r s  may soon use l o c a l  
micro-computers t o  s t o r e  and d i s p l a y  menus t h e r e b y  reducing 
communication c o s t s .  Menus a r e  o f t e n  designed and managed a s  screen  
forms ( s e e  below) . Special  menu managanent sof tware  may a l s o  be used 
t o  provide a  uniform i n t e r f a c e  t o  u s e r s  a c r o s s  a p p l i c a t i o n s  and to  
perform the  spec i a l  processing involved with h i e r a r c h i e s  o f  menus 
(Robertson e t  a1  [ I  9781 ) .  
Screen Form: A complete screen  o f  information i s  d isp layed  i n  a  
2-dimensional lay-out resembling a  p a p r  form. Users f i l l  i n  b l ank  
f i e l d s  using l o c a l  terminal  func t ions  t o  move t h e  cu r so r  , e d i t ,  e t c  . 
Screen forms a r e  s u i t a b l e  fo r  both n a i v e  and expe r t  u s e r s  and o f f e r  
speed advantages f o r  t a s k s  such  a s  d a t a  e n t r y .  Although t h i s  is a  
s tandard i n t e r f a c e  i n  t r a n s a c t i o n  processing a p p l i c a t i o n s  it is  n o t  
o f t e n  provided by DSS k n e r a t o r s  because t h e y  must b e  a b l e  t o  run i n  
many d i f f e r e n t  environments . Provision o f  a  fu l l - s c reen  i n t e r f a c e  
under these  cond i t i ons  r e q u i r e s  'Screen Managerf sof tware  t o  provide 
dev ice  independence. Most major computer manufac turers  provide  
software fo r  screen management ( a1 though t h i s  may be  i n a c c e s s i b l e  from 
a  DSS Generator) .  A h i g h  ( a t  l e a s t  7200 baud) l i n e  speed and a  
f semi-snar t f  terminal  is r e q u i r e d .  
Command Language: Users e n t e r  language s ta tements  t h a t  d i r e c t  t h e  
system to execute a  s p e c i f i e d  sub-system, s p e c i f y  d a t a  t o  b e  
r e t r i e v e d ,  models t o  be  run and so on. A common formal language 
syntax c o n s i s t s  o f  a  keyword followed by one o r  more parameters. 
Often t h i s  t a k e s  t h e  form o f  a  verb-noun p a i r  (e .g .  PRINT PROFIT). 
However more complex forms a r e  a l s o  common e s p e c i a l l y  f o r  on l ine  d a t a  
r e t r i e v a l .  Command languages a r e  d i f f i c u l t  f o r  inexperienced use r s  t o  
l e a r n  and remember. They a r e  app ropr i a t e  f o r  e x p e r t  u s e r s  because 
t h e y  minimize t h e  amount o f  d a t a  t r a n s m i t t e d .  They a r e  e s p e c i a l l y  
u se fu l  +ihen t h e  processing t a s k  i s  complex. Natural language command 
i n t e r f a c e s  a r e  c u r r e n t l y  under r e s e a r c h  and developnent .  Users e n t e r  
r eques t s  i n  a  n a t u r a l ,  English-l ike language.  These a r e  transformed 
i n t o  the  app ropr i a t e  DSS command and executed. The p i t f a l l s  i n  t h i s  
approach includ e  increased  overhead , p o s s i b l e  t r a n s 1  a t ion  e r r o r s  and 
l a c k  o f  s t r u c t u r e  fo r  t h e  use r .  However n a t u r a l  l anguage  opens t h e  
door t o  t m  long-awaited p o s s i b i l i t i e s :  t h e  use o f  t h e  JBS by 
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non- t ra ined  pe r sonne l  and t h e  e x t e n s i o n  t o  v o i c e  i n p u t .  E i t h e r  o r  
b o t h  o f  t h e s e  w u l d  s i g n i f i c a n t l y  c h a n g e  t h e  way o r g a n i z a t i o n s  u s e  
compute r s .  
T a b l e  6 shows t h a t  no s i n g l e  d i a l o g u e  s t y l e  d o m i n a t e s  t h e  o t h e r s  
a c r o s s  a l l  a p p l i c a t i o n s  and a l l  use r  c l a s s e s .  Command l anguages  a r e  
b e s t  f o r  e x p r e s s i n g  complex d a t a  r e t r i e v a l s  o r  p rocess ing  
r e q u i r e m e n t s .  Menus a r e  u s e f u l  f o r  h e l p i n g  u s e r s  t h r o u g h  a  f i n i t e  
l ist  o f  a l t e r n a t i v e s  b u t  c a n  n o t  h a n d l e  complex requ i rements  w e l l .  
Futhermore  t h e r e  i s  a  n a t u r a l  t r ade -of f  between t h e  e x p r e s s i v e  power 
o f  t h e  d i a l o g u e  s t y l e  and s y n t a c t i c  knowledge r e q u i r e m e n t s .  G i l f o i l  
[ 19821 p r o v i d e s  e m p i r i c a l  ev idence  showing t h a t  u s e r  p r e f e r e n c e s  
m i g r a t e  from menu i n t e r f a c e s  towards  command l a n g u a g e  i n t e r f a c e s  o v e r  
t i m e .  Combining t h e s e  o b s e r v a t i o n s  wi th  t h e  e a r l i e r  p r e s c r i p t i o n  t h a t  
a  DSS s h o u l d  s u p p o r t  d i f f e r e n t  ' c o g n i t i v e  s t y l e s 1  we s e e  t h a t  a  DSS 
Genera to r  shou ld  h e l p  t h e  DSS b u i l d e r  t a i l o r  d i f f e r e n t  i n t e r f a c e s  t o  
f i t  t h e  v a r i o u s  a p p l i c a t i o n  a r e a s  and u s e r s .  
Before  b e i n g  more s p e c i f i c  about DSS Genera to r  r e q u i r e m e n t s  
however we n o t e  t h a t  t h e  d i a l o g u e  s t y l e s  o f  T a b l e  6 a r e  g e n e r a l l y  
i n t e r m i x e d .  Thus, menus a r e  o f t e n  d e s i g n e d  a s  s c r e e n  forms and 
c o n v e r s e l y  s c r e e n  forms a r e  o f t e n  d e s i g n e d  w i t h  a  menu s e c t i o n  t h a t  
shows how t o  s e l e c t  s p e c i a l  f u n c t i o n s  t o  b e  performed and to move from 
s c r e e n  t o  s c r e e n .  Again, a  formal  command l a n g u a g e  i n t e r f a c e  i s  o f t e n  
o v e r l a i d  upon query-response  (Ga ines  , [ I  9781 ) and menu s e l e c t i o n  
(Mehlmann , [ 19801) i n t e r f a c e s  t o  speed t h e  i n t e r a c t i o n  p rocess  f o r  
more exper ienced  u s e r s .  T h i s  a l l o w s  u s e r s  t o  move d i r e c t l y  t h r o u g h  a  
s e r i e s  o f  prompts o r  down s e v e r a l  l e v e l s  o f  menus b y  t y p i n g  m u l t i p l e  
r e s p o n s e s  on a  s i n g l e  l i n e  i n  a  command l a n g u a g e  s t y l e .  
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I n  summary, a  DSS Generator should provide a nunber o f  d i f f e r e n t  
d i a logue  s t y l e s  and t h e  a b i l i t y  t o  swi tch  between them. These 
c a p a b i l i t i e s  can b e  designed i n t o  t he  'prepackaged so f tware ' .  However 
t h e  b u i l d e r  must a l s o  b e  a b l e  t o  use t h e  language f a c i l i t i e s  and/or 
procedures  o f  t h e  DSS Generator t o  c o n s t r u c t  s p e c i a l  i n t e r f a c e s  f o r  
each  DSS a p p l i c a t i o n .  It should a t  l e a s t  b e  p o s s i b l e  t o  b u i l d  
prompt/response and menu s e l e c t i o n  i n t e r f a c e s .  Screen forms sof tware  
would seem t o  be  t h e  next  most d e s i r a b l e  f e a t u r e  i n  a  DSS genera tor  
because o f  i t s  d e s i r a b l e  i n t e r f a c e  p r o p e r t i e s  and because t h e  a b i l  i t y  
t o  r a p i d l y  gene ra t e  formatted s c r eens  a i d s  t h e  DSS pro to typing  
process .  
Response Time and Display Rate Requirements 
-- -
Response t i m e  requirements  va ry  wi th  t h e  n a t u r e  o f  t h e  t a s k .  
Command and Control systems may r e q u i r e  i n s t a n t  response .  For DSS 
a p p l i c a t i o n s  g r e a t e r  v a r i a b i l i t y  is pe rmis s ib l e .  Typing and cu r so r  
c o n t r o l  commands r e q u i r e  0.1 second response t i m e s ;  f o r  simple d a t a  
r e t r i e v a l s  response t imes  i n  t h e  range  o f  0.2 t o  3 seconds a r e  
r ea sonab le ;  major computations and f i l e  l o a d i n g s  may t a k e  longer  (up  
t o  15 seconds) without d i s t u r b i n g  u s e r s  ( R .  M i l l e r  E19681). It h a s  
been found t h a t  p r e d i c t a b i l i t y  o f  response  t i m e  i s  an important  d e s i g n  
goa l  (L. Mil l e r  [ I  9771). Users need p r e d i c t a b i l i t y  t o  organize t h e i r  
t ime  op t ima l ly  between th ink ing  and doing.  Some experiments  involv ing  
problem-solving t a s k s  show t h a t  t h e  t o t a l  t ime  t o  s o l v e  a  problem may 
be  f a i r l y  i n v a r i a n t  t o  changes i n  response  t i m e s  over  low ranges  b u t  
may inc rease  a f t e r  t h a t  (Shneid erman [ I  980 I ,  Ch . 10 1. 
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We have  a l r e a d y  i n d i c a t e d  t h a t  f a s t e r  d i s p l a y  r a t e s  ( >I200 baud) 
e n a b l e  e f f e c t i v e  use o f  f u l l  s c r e e n  i n t e r f a c e s .  F a s t e r  d i s p l a y  r a t e s  
a r e  a l s o  b e n e f i c i a l  f o r  s c a n n i n g ( r a t h e r  t h a n  r e a d i n g )  t e x t  and f o r  
g r a p h i c s  a p p l i c a t i o n s .  
Help  F e a t u r e s  
A u s e r  i n t e r f a c e  should  b e  i n f o r m a t i v e  b u t  n o t  v e r b o s e ,  f r i e n d l y  
b u t  n o t  'human1 and f o r g i v i n g  b u t  n o t  unmindful  o f  human e r r o r s .  In  
t h i s  s e c t i o n  we b r i e f l y  s u r v e y  i n t e r f a c e  f e a t u r e s  t h a t  can h e l p  convey 
t h i s  i m p r e s s i o n .  
We b e g i n  wi th  t h e  i n f o r m a t i v e  a s p e c t .  Users  need a s s i s t a n c e  b o t h  
i n  l e a r n i n g  a  system (what can  I d o ? ,  how can  I d o  it?) and i n  u s i n g  
it (where have I been?,  where am I now?, what can  I do n e x t ? ) .  
Learning can b e  f a c i l i t a t e d  b y  on1 i n e  d o c u n e n t a t i o n  ( a 1  though ha rdcopy  
manua l s  can  n o t  b e  d i spensed  wi th  - Dunsmore [19801).  Some f e a t u r e s  
t h a t  might  b e  supp l i ed  a r e  now d e s c r i b e d .  
Onl ine  System Documentation : 'Help F i l e s 1  d e s c r i b i n g  major system 
c o n c e p t s ,  f a c i l i t i e s  and commands s h o u l d  b e  a c c e s s i b l e  from a l l  
command l e v e l s  o f  t h e  DSS. I n  some s y s t e m s  u s e r s  t y p e  'HELP name1 i n  
r e s p o n s e  t o  a  prompt t o  r e c e i v e  i n s t r u c t i o n s  abou t  t h e  named o b j e c t .  
h i t t i n g  t h e  name g i v e s  a l i s t  o f  t h e  o b j e c t s  f o r  which h e l p  can  b e  
r e q u e s t e d .  Other sys tems  p r o v i d e  menu a c c e s s  t o  d o c u n e n t a t i o n  o r  
s p e c i a l  h e l p  s c r e e n s .  H i e r a r c h i c a l  d o c u n e n t a t i o n  i n  which s u c c e s s i v e  
r e q u e s t s  f o r  h e l p  produce more d e t a i l e d  i n f o r m a t i o n  p r o v i d e s  1 e s s  
d e t a i l e d  in fo rmat ion  f o r  more e x p e r i e n c e d  u s e r s  who may need o n l y  a  
r eminder  b u t  a l s o  accomodates t h e  more d e t a i l e d  r e q u i r e m e n t s  o f  n o v i c e  
u s e r s  . 
Online  Data and Model D i c t i o n a r i e s :  Users  must  b e  encouraged to 
--- docunent t h e i r  d a t a  and mode l s  b y  s u p p l y i n g  l a b e l s  and e x p l a n a t i o n s .  
The system should  automat ic  a l l y  s u p p l y  c o n t e x t u a l  i n f o r m a t i o n  suc  h  a s  
time and d a t e  and u s e r  i d e n t i f i c a t i o n .  A t  a  minimun, v a r i a b l e  and 
d a t a  i t em lists f o r  c u r r e n t l y  r u n n i n g  m o d e l s  and a t t a c h e d  f i l e s  a r e  
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s u p p l i e d  on demand b y  most  c u r r e n t  sys tems .  More comprehensive  
1 knowledge b a s e s t  u t i l i z i n g  a r t i f i c i a l  i n t e l l i g e n c e  t e c h n i q u e s  a r e  
b e i n g  developed ( E l a n ,  e t  a 1  [19803). 
Naming C ~ n v e n t i o n s :  Human f a c t o r s  r e s e a r c h  h a s  shown t h a t  command 
l a n g u a g e  naming c o n v e n t i o n s  can  a f f e c t  l e a r n i n g  and r e t e n t i o n .  For  
e x a n p l e ,  * c o n g r u e n t t  command p a i r s  s u c h  a s  ( ' g e t '  and p u t f )  r a t h e r  
t h a n  ( l  g e t 1  and l s t o r e 1 )  a r e  h e l p f u l  ( S c h n e i d e r  [ I  9821). The model ing 
l a n g u a g e  should  a l s o  a l l o w  t h e  b u i l d e r  to  use  meaningful  names. 
C u r r e n t  S t a t u s  Informat ion:  An o n l i n e  i n t e r f a c e  can b e  c o n f u s i n g  - 
e s p e c i a l 1  y when used f o r  e x p l o r a t o r y  problem s o l v i n g  t a s k s  a s  i n  DSS 
a p p l i c a t i o n s .  It i s  i m p o r t a n t  t o  keep u s e r s  informed o f  t h e i r  
p o s i t i o n  i n  menu h i e r a r c h i e s  and on t h e  s t a t u s  o f  c u r r e n t l y  e x e c u t i n g  
commands. Tne l a t t e r  can b e  done b y  s u p p l y i n g  p r o g r e s s  r e p o r t s  f o r  
l o n g  o p e r a t i o n s  and c o n f i r m a t o r y  messages  f o r  a l l  non- t r iv  i a l  
o p e r a t i o n s .  
D e f a u l t s :  Useful d e f a u l t s  s h o u l d  b e  provided f o r  most  o p e r a t i o n s  t o  
r e d u c e  t h e  need f o r  l e a r n i n g  and t y p i n g  d e t a i l e d  s p e c i f i c a t i o n s .  
Experienced u s e r s  should  b e  a b l e  t o  o v e r r i d e  t h e s  d e f a u l t s  e a s i l y .  
We t u r n  now t o  t h e  f r i e n d l y  ( lending-a-hand) f e a t u r e s  t h a t  a s s i s t  
u s e r s  i n  e x e c u t i n g  commands. The f o l l o w i n g  t e c h n i q u e s  c a n  a i d  
shor t - term memory and reduce  t h e  impac t  o f  c l e r i c a l  e r r o r s :  
Command Syntax Prompts : Users  can l d i s c o v e r t  t h e  s y n t a x  f o r  a  command 
l i n e  b y  t y p i n g  a  p a r t  o f  t h e  command fol lowed b y  a  l ? ' ;  t h e  system 
r e s p o n d s  wi th  a  l i s t  o f  o p t i o n s  from which t h e  u s e r  chooses .  Th i s  
p r o c e s s  can t h e n  b e  r e p e a t e d  f o r  t h e  n e x t  p a r t  o f  t h e  command. 
Recogni t ion:  Users t y p e  p a r t  o f  a  command o r  d a t a  name and p r e s s  an  
e s c a p e f  key; i f  t h e  typed  p o r t i o n  u n i q u e l y  i d e n t i f i e s  an i t e m  t h a t  
i s  v a l i d  i n  t h e  c u r r e n t  c o n t e x t  t h e  sys tem responds  b y  t y p i n g  t h e  r e s t  
o f  i t s  name. A combinat ion o f  s y n t a x  prompts and r e c o g n i t i o n  can  b e  a  
p a r t i c u l a r l y  u s e f u l  f e a t u r e .  
E d i t i n g  - and Saving Command S t r i n g s :  It s h o u l d  b e  p o s s i b l e  t o  e d i t  
command l anguage  s t a t e m e n t s  b o t h  p r i o r  t o  submiss ion f o r  e x e c u t i o n  and 
s u b s e q u e n t l y  i f  a  mis take  was made o r  i f  a  similar command is t o  b e  
t y p e d .  The c u r r e n t  command s t r i n g  shou ld  always b e  saved f o r  t h i s  
purpose .  Users  should  a l s o  b e  g i v e n  t h e  o p t i o n  t o  name and s a v e  
commands f o r  f u t u r e  use - t h e r e b y  b u i l d i n g  t h e i r  own p r i v a t e  l a n g u a g e .  
Automated e d i t i n g  by t h e  DSS u s i n g  f l e x i b l e  p a r s e r s  and a  s p e l l i n g  
checker  is  a 1  so v e r y  u s e f u l  . 
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F i n a l l y ,  a system should  b e  f o r g i v i n g  and h e l p f u l  when m i s t a k e s  
a r e  made. Some u s e f u l  system f e a t u r e s  a r e :  
E r r o r  Messages: These should  have  a  uniform f o r m a t ,  s h o u l d  s t a t e  what 
went wrong and,  more i m p o r t a n t l y  t h e y  s h o u l d  i n d i c a t e  how t o  c o r r e c t  
t h e  e r r o r .  ' h e  t o n e  o f  t h e  messages  shou ld  b e  n e u t r a l  and i n f o r m a t i v e  
r a t h e r  t h a n  h o s t i l e  o r  j o c u l a r  (Shneid  erman C 1 9801 1. 
R e v e r s i b l e  Act ions:  The DSS must p r o t e c t  t h e  u s e r  a g a i n s t  s e v e r e  
m i s t a k e s  s u c h  a s  d e s t r o y i n g  a  f i l e .  Automatic f i l e  back-up i s  one  
t e c h n i q u e .  Providing temporary  workspaces  d u r i n g  u s e r  s e s s i o n s  c a n  
h e l p  make a c t i o n s  t a k e n  b y  t h e  u s e r  r e v e r s i b l e .  For e x a n p l e  i f  d a t a  
i s  d e l e t e d  it should  also b e  p o s s i b l e  t o  ' u n d e l e t e f  it. Many e d i t o r s  
p r o v i d e  t h i s  c a p a b i l i t y  b y  a u t o m a t i c a l l y  s t o r i n g  t h e  most r e c e n t l y  
d  e l  e t e d  t e x t  . 
J u d i c i o u s  u s e  o f  t h e  above  t e c h n i q u e s  can encourage  t h e  
a c c e p t a n c e  and i n c r e a s e  t h e  e f f e c t i v e n e s s  o f  t h e  DSS. U s e r - f r i e n d l y  
f e a t u r e s  should  b e  b u i l t - i n  t o  t h e  prepackaged p o r t i o n  o f  t h e  DSS ( v i a  
t h e  Help Manager o f  F i g u r e  1 ) .  DSS b u i l d e r s  shou ld  a l s o  b e  a b l e  t o  
docunen t  t h e i r  models  and s t o r e  h e l p  messages  f o r  l a t e r  o n l i n e  a c c e s s  
b y  u s e r s .  A s s i s t a n c e  i n  d o i n g  t h i s  i s  n o t  u s u a l l y  p rov ided  b y  DSS 
Genera to r s .  Model and d a t a  d i c t i o n a r y  s o f t w a r e  should  d e f i n i t e 1  y b e  
a v a i l a b l e .  Also t h e  modeling l a n g u a g e  shou ld  p r o v i d e  d i r e c t  a c c e s s  
f i l e s  and l anguage  i n p u t / o u t p u t  f a c i l i t i e s  t h a t  e n a b l e  t h e  b u i l d e r  t o  
p r o v i d e  u s e f u l  h e l p  and e r r o r  messages .  Command s y n t a x  prompts and 
r e c o g n i t i o n  r e q u i r e  complex programming t h a t  migh t  b e  provided b y  t h e  
UIS component ( s e e  1 a t e r )  . 
Character-Oriented I n p u t  and CXltput 
-- 
A DSS must a l l o w  f o r  ad hoe e n t r y  and d i s p l a y  o f  d a t a .  ?he e a s e  
and f l e x i b i l i t y  o f  t h e s e  p r o c e s s e s  c a n  g r e a t l y  i n f l u e n c e  u s e r  
a c c e p t a n c e  and e f f e c t i v e n e s s .  
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Consider ing f i r s t  t h e  input  s i d e ,  b u l k  da t a - en t ry  i n t o  t h e  DSS 
d a t a  b a s e  w i l l  u s u a l l y  be  performed through t h e  Data Conversion 
System, bwever  da ta -en t ry  and e d i t i n g  f u n c t i o n s  should a l so  b e  
a v a i l a b l e  through t h e  DSS i n t e r f a c e .  Screen forms d i sp l ay ing  f i e l d  
l a b e l s  and blank f i e l d s  ( o r  c u r r e n t  va lues )  t h a t  can b e  overwr i t ten  by  
c u r s o r  pos i t i on ing  and typing a r e  probably t h e  b e s t  means f o r  doing 
t h i s ,  ( kh lmann  11981 1 ) .  &pending on t h e  system being used the  model 
d e f i n i t i o n  s ta tements  must a l s o  be  en t e r ed  - pre fe rab ly  using a  
fu l l - s c r een  charac te r -or ien ted  e d i t o r  t h a t  i s  accessed d i r e c t l y  from 
t h e  DSS ( r a t h e r  than from the  ope ra t i ng  system command l e v e l ) .  
?he d a t a  e n t r y  and model d e f i n i t i o n  t a s k s  w i l l  u sua l ly  be  
performed by a  system bu i lde r  o r  i n t e rmed ia ry ;  t h e  r e t r i e v a l  and 
d i s p l a y  o f  d a t a  and model r e s u l t s  however may b e  performed by  managers 
and i n  any case  t h e  r e s u l t s  must b e  s u i t a b l e  f o r  t h e i r  consumption. 
Regarding d a t a  r e t r i e v a l  we no te  from Table 6 t h a t  bo th  sc reen  forms 
and formal language techniques  a r e  pos s ib l e .  Query-By-Exanple ( Zloof ,  
119771) is t h e  major exanple  o f  a  sc reen  forms o r i e n t e d  language. 
Data base r e l a t i o n s  a r e  d i sp layed  a s  t a b l e s  on t h e  sc reen  and u s e r s  
s p e c i f y  q u e r i e s  by typ ing  exanples l  of  t h e  r e s u l t s  t h e y  wish t o  
o b t a i n  i n  t h e  app rop r i a t e  rows and co lunns  o f  t h e  t a b l e s .  
Experimental r e s u l t s  seem to i n d i c a t e  t h a t  u s e r s  can l e a r n  QBE more 
r a p i d l y  than  a  formal query language,  a r e  f a s t e r  i n  formulating 
q u e r i e s  and have a t  l e a s t  a s  h i g h  a  succes s  r a t e  (Greenbla t t  and 
Waxman, 119781). 
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Turning now t o  the  d i s p l a y  o f  charac te r -or ien ted  information,  
Table 7 con ta ins  a  summary o f  d e s i r a b l e  r e p o r t  genera tor  c a p a b i l i t i e s .  
Note t h a t  t h e  f i r s t  h a l f  o f  t h e s e  a r e  concerned with format t ing  
f e a t u r e s  and space l i m i t a t i o n s  while  t h e  l a t t e r  h a l f  a r e  concerned 
with d i f f e r e n t  ways o f  a r ray ing  and t ransforming the  information.  
'Ihus a  good r epor t  genera tor  will have c a p a b i l i t i e s  t h a t  o v e r l a p  those  
o f  a  DBMS a e r y  Language toge ther  with some modeling c a p a b i l i t i e s  
(hence t h e  popu la r i t y  o f  FOCUS 1 8 ,  RAMIS[1981] and o the r  
combination r e p o r t  w i t e r / d a t a  management systems i n  DSS). 'Ihe r e p o r t  
manager accepts  t h e  outputs  o f  BMS r e t r i e v a l  r eques t s  and model 
execut ions  and allows them to be  t a i l o r e d  to  the  danands o f  t h e  
mcment. 'Ihis reduces  t h e  complexity o f  t h e  query and model software 
and a t  t h e  same t ime makes t h e  t a s k  o f  coding r e t r i e v a l  r eques t s  and 
model d e f i n i t i o n  s tatements  e a s i e r .  
'Ihe r e p o r t  generator  should b e  a b l e  t o  produce o n l i n e  and o f f l i n e  
hard-copy r e p o r t s  and i n t e r a c t i v e  CRT d i s p l a y s  . 'Ihe 1 a t t e r  present  a  
s p e c i a l  cha l lenge  because o f  t h e  l imi t ed  d i s p l a y  s i z e s  o f  c u r r e n t  
s c r e e n s  - u s u a l l y  24 l i n e s  o f  80 c h a r a c t e r s .  'Ihere a r e  severa l  
approaches t o  overcoming t h i s  l i m i t a t i o n  and ( perhaps) even turn ing  it 
t o  an advantage. A l l  r e q u i r e  a  ' s emi -mar t '  t e rmina l  ( s e e  
c h a r a c t e r i s t i c s  i n  Table 3 1. 
Moving Window: The information t o  b e  d i sp l ayed  is la id-out  on a  
( v i r t u a l )  tm-dimensional su r f ace ,  t h e  use r  can r a p i d l y  move t h e  
viewing area (CRT sc reen )  r e l a t i v e  t o  t he  s u r f a c e  i n  a  v e r t i c a l  o r  
hor izonta l  d i r e c t i o n  by press ing  m n c t i o n  keys ( u p ,  down, l e f t ,  
r i g h t ) .  
S p l i t  Screen : Simi lar  to  the  above except  t h a t  t h e  screen  can b e  
s p l i t  i n t o  t m  o r  more 'windows1 t h a t  can b e  independent ly s c r o l l e d .  
For exanple  a s  a  manory a i d ,  one may wish t o  hold row l a b e l s  i n  t h e  
l e f t - h a l f  sc reen  while  moving colunns ( and co lunn l a b e l s )  h o r i z o n t a l l y  
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(1 Format t ing  o f  n u n e r i c  d a t a  - r o u n d i n g ,  commas, d o l l a r  s i g n s ,  e t c  . 
( 2  L a b e l i n g  - s u b s t i t u t i o n  o f  i n f o r m a t i v e  d e s c r i p t i o n s  f o r  v a r i a b l e s  
and computed in fo rmat ion .  
( 3 )  P a g i n a t i o n  and wrapping - wrapping a v o i d s  problems wi th  r e p o r t s  
t h a t  a r e  t o o  wide t o  f i t  on t h e  page o r  s c r e e n .  
( 4 )  Rows/Colunns t r a n s p o s i t i o n  - used to overcome page width  
l i m i t a t i o n s  o r  s imply t o  p rov ide  a n o t h e r  v iew o f  t h e  d a t a .  
( 5 )  I n t e r a c t i v e  e d i t i n g  - swap o r  d e l e t e  rows and c o l u n n s ,  improve 
head ing s . 
( 6 )  S o r t i n g  - nuner ic  , a l p h a b e t i c ,  mu1 t i p l e  f i e l d s .  
( 7 )  Aggrega t ion  - imbedded d a t a  h i e r a r c h i e s  o f t e n  need to b e  d i s p l a y e d  
t o g e t h e r  wi th  t o t a l s  and s u b t o t a l s .  %me r e p o r t  w r i t e r s  a l l o w  
t h i s  t o  b e  done b o t h  down-the-page and a c r o s s  i t .  
( 8 )  Computed rows and c o l u n n s  - t h e  a b i l i t y  t o  compute new rows and 
c o l u n n s  a s  f u n c t i o n s  o f  e x i s t i n g  rows and c o l u n n s .  
( 9  I n v i s i b l e  rows and c o l u n n s  t h a t  can  b e  used f o r  c o m p u t a t i o n s  
b u t  n o t  p r i n t e d .  
( 1  0 )  Output  t o  e x t e r n a l  f i l e s  - both  t o  s t o r e  t h e  r e p o r t  and 
communicate with o t h e r  sys tems.  
( 1  1  ) Device  independence - a b i l i t y  t o  fo rmat  r e p o r t s  f o r  d i f f e r e n t  
CRTs and p r i n t e r s  
TABLE 7  
DESIRABLE REPORT GENERATOR FEATURES 
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i n t o  v i e w  i n  t h e  r i g h t  h a l f  s c r e e n .  S i m i l a r l y  o n e  can  a l t e r  i n p u t  
p a r a m e t e r s  i n  one ha l f - sc reen  and v iew t h e i r  impac t  on v a r i a b l e s  o f  
i n t e r e s t  i n  t h e  o t h e r  ha l f - sc reen .  
The g r e a t  p o p u l a r i t y  o f  t h e  micro-computer-based a c c o u n t i n g  
sp read  s h e e t  packages  is  i n  l a r g e  p a r t  due  t o  t h e i r  use  o f  t h e  moving 
window and s p l i t - s c r e e n  d e v i c e s .  Cbv ious ly  even u n s o p h i s t i c a t e d  
computer u s e r s  f i n d  t h e s e  forms o f  d i r e c t  m a n i p u l a t i o n  n a t u r a l  and 
e a s y  t o  u s e .  ?his i d e a  might  b e  ex tended  t o  a l l o w  a l l  d a t a  b a s e  
o b j e c t s  (model d e f i n i t i o n s ,  d a t a  f i l e s  and r e p o r t s )  t o  b e  viewed 
t h r o u g h  windowing t e c h n i q u e s .  
A s  a  f i n a l  exanp le  o f  an  i n n o v a t i v e  i n t e r f a c e  f o r  c h a r a c t e r  d a t a  
t h e  fo l lowing  t echn ique  seems t o  q u a l i f y  a s  an  easy-to-use ' b i g  
p i c t u r e 1  i n t e r f a c e  f o r  managers.  
H i e r a r c h i c a l  Reports:  A v a r i a n t  o f  t h e  ' zooming' i d e a  t h a t  w i l l  be 
mentioned l a t e r  i n  t h e  s e c t i o n  on g r a p h i c s  - however it i s  u s e f u l  f o r  
c h a r a c t e r  d i s p l a y s  and d o e s  n o t  r e q u i r e  g r a p h i c s  t e r m i n a l s ,  ?he i d e a  
i s  i l l u s t r a t e d  i n  F igure  2 (adap ted  from Mehlmann [ I  981 1 ) .  To o b t a i n  
more in fo rmat ion  about  an  aggrega ted  d a t a  i t e m  one s i m p l y  c h o o s e s  it 
b y  p l a c i n g  t h e  c u r s o r  ( o r  a p i c k i n g  d e v i c e )  over  it .  ?his p r o c e s s  c a n  
p o t e n t i a l l y  proceed down t o  t h e  i n d i v i d u a l  t r a n s a c t i o n  l e v e l .  
To summarize o u r  d i s c u s s i o n  c o n c e r n i n g  c h a r a c t e r  i n f o r m a t i o n  i n  a 
DSS we n o t e :  ( 1  ) t h e  emerging impor tance  o f  f u l l - s c r e e n - o r i e n t e d  
i n t e r f a c e s  i n  d a t a  e n t r y ,  d a t a  r e t r i e v a l ,  problem-solving and 
r e p o r t i n g  a p p l i c a t i o n s  and ( 2 )  t h e  n e c e s s i t y  f o r  p r o v i d i n g  a powerful  
r e p o r t  g e n e r a t o r  t h a t  can  add v a r i e t y  and f l e x i b i l i t y  t o  t h e  u s e r  
i n t e r f a c e  and also r e d u c e  programming r e q u i r e m e n t s .  
Graph ics  Input  and Output 
-- 
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XYZ Consolidated Income Statement, 19XX 
-
Sales 
Cost of Goods 
XXX 
X X X  
Other Expenses XXX 
-
Net Profit XXX 
Income Statement by Division, 
Division A Division B Division C 
Sales XXX XXX XXX 
Cost of Goods XXX XXX XXX 






Net Profit XXX XXX XXX 
Sales by Division and Product, 19XX 
Division A Division B Division C 




Total XXX XXX XXX 
FIGURE 2 
EXAMPLE OF HIERARCHICAL REPORTS 
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The advent  o f  cheaper g raph ic s  d i s p l a y  t e r m i n a l s  and p l o t t e r s  
t o g e t h e r  with more s o p h i s t i c a t e d  g r a p h i c s  sof tware  h a s  opened t h e  door 
t o  new modes o f  man-machine i n t e r a c t i o n  i n  problan so lv ing  t a sks  ( f o r  
an overview s e e  Newoan and Sprowll [ 19791).  In t h i s  s e c t i o n  we rev iew 
some succes s fu l  uses  o f  g r a p h i c s  i n  ASS and i d e n t i f y  d e s i r a b l e  
f e a t u r e s  t h a t  might b e  included i n  a  DSS Generator .  Careful  
c o s t / b e n e f i t  a n a l y s i s  should precede t h e  s e l e c t i o n  o f  any o f  t h e  more 
advanced techniques  we w i l l  b e  d i s c u s s i n g .  This i s  p a r t i c u l a r l y  t r u e  
s i n c e  empi r i ca l  evidence d o e s  n o t  always favor  t h e  use o f  g r aph ic s .  
Remus [: 1 9821 reviews some seemingly c o n t r a d i c t o r y  r e s e a r c h  concerning 
t h e  r e l a t i v e  m e r i t s  o f  g r aph ic  and t a b u l a r  p r e sen t a t i on  methods i n  
problem so lv ing  and sugges ts  t h a t  t h e  choice  o f  method depends on t h e  
t a s k  s i t u a t i o n .  
We d i s t i n g u i s h  s i x  c l a s s e s o f  g r a p h i c s  a p p l i c a t i o n s :  ( 1 )  da t a  
a n a l y s i s  , ( 2  ) bus iness  p r e s e n t a t i o n  g r a p h i c s ,  ( 3  ) information 
r e t r i e v a l  g r a p h i c s ,  ( 4  ) des ign  g r a p h i c s  ( inc lud ing  C A D ) ,  ( 5  ) problem 
solving g r a p h i c s ,  ( 6 )  i n t e r a c t i v e  i n t e r f a c e  g r a p h i c s .  Referr ing t o  
Simon' s[ 1965 1 t h r e e  phases  o f  d  ecision-making we m u l d  say  t h a t  
a p p l i c a t i o n s  ( 1 ) through ( 3  ) above a r e  mainly used i n  t h e  i n t e l l i g e n c e  
phase ; a p p l i c a t i o n s  ( 4 )  and ( 5 )  a r e  main ly  used i n  t h e  des ign  and 
choice  phases r e s p e c t i v e l y ,  wh i l e  a p p l i c a t i o n  ( 6  ) i nvo lves  t h e  use o f  
g r a p h i c s  techniques  t o  improve t h e  user  i n t e r f a c e  i t s e l f  and so could 
be  used i n  any phase.  
There a r e  s eve ra l  a r e a s  i n  which t h e  u se fu lnes s  o f  computer 
g r aph ic s  i s  beyond ques t i on .  These i n c l u d e  - d a t a  a n a l y s i s  a p p l i c a t i o n s  
i n  s t a t i s t i c s ,  marketing and f o r e c a s t i n g .  Some g r a p h i c a l  t o o l s  used 
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C a p a b i l i t i e s  
Data Analysis  Graphics Tools 
-
H i s  t o g  rams 
Line Graphs 
Sca t te rgrams 
Contour P l o t s  
Explora tory  k t a  P l o t s  
Chernoff l  s 'Faces1 (Wilkinson [ 1982 1) 
Business Presen ta t ion  Graphics 
A s  f o r  d a t a  a n a l y s i s  p l u s  
Pie  Charts 
Kiv ia t  S t a r ,  Cop c i t l  
Bubble graph ,  Cop c i t l  
Information Ret r ieva l  Graphics (SINS) 1 
Design Graphics 
I n t e r a c t i v e  Problem Solving Graphics f 
Necessarv Resources 
High l e v e l  
g r aph ic s  
sof tware  
CRT 
Black & White o r  
Color P l o t t e r s .  
Screen Pro jec t ion  
S l i d e s  & Hardcopy 
(Color-enhanced) 
I n t e r a c t i v  e  g r a p h i c s  
t e rmina l s  with 
i npu t  d e v i c e s ,  
s p e c i a l  sof tware and 
d a t a  base sof tware 
TABLE 8 
GRAPHIC CAPABILITIES AND NECESSARY RESOURCES 
-
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i n  t h e  d a t a  a n a l y s i s  phase a r e  shown i n  Table 8. The f i r s t  t h r e e  o f  
t h e s e  would b e  included a s  a  mat te r  o f  course  i n  any DSS. Ea r ly  
computer systems produced these graphs  using charac te r -or ien ted  
t e r m i n a l s  and p r i n t e r s .  Although such p l o t s  a r e  u se fu l  t h e i r  low 
r e s o l u t i o n  can be  inconvenient .  It i s  now common t o  use e i t h e r  a  
g r a p h i c s  CRT, a  p l o t t e r  o r  both.  ?he CRT i s  u s e f u l  f o r  exp lo ra to ry  
a n a l y s i s  while  t h e  p l o t t e r  is  used f o r  more permanent r eco rds  o r  
communication t o  groups s i n c e  p l o t s  a r e  time consuming t o  produce. 
Although c o l o r  g r aph ic s  may seem appeal ing we a r e  n o t  aware o f  any  
s o l i d  evidence t h a t  w u l d  j u s t i f y  i t s  c o s t  i n  a l l  d a t a  a n a l y s i s  
a p p l i c a t i o n s .  Data a n a l y s i s  g r a p h i c s  d o e s  however r e q u i r e :  ( 1  ) a  
h i g h l y  i n t e r a c t i v e  system with s h o r t  ( <  10 seconds)  response t i m e s ,  
( 2 )  powerful d e f a u l t s  f o r  s e l e c t i o n  o f  a x e s ,  s c a l e s ,  l a b e l s ,  e t c  ., ( 3 )  
device  independence, and ( 4  1 a  s imple and powerful command language 
fo r  ove r r id ing  d e f a u l t s  . 
Tne use o f  bus iness  p re sen t a t i on  g r a p h i c s  i s  expanding r a p i d l y .  
T h i s  i n v o l v e s  t h e  automated product ion o f  c o l o r  s l i d e s  and 
t r a n s p a r e n c i e s  f o r  o r a l  p r e s e n t a t i o n s  and h igh  q u a l i t y  i l l u s t r a t i o n s  
f o r  bus ines s  r e p o r t s .  Table  8 lists some common formats.  Here 
a e s t h e t i c s  i s  v e r y  impor tan t .  Sometimes t h e r e  i s  a  marketing f l a v o r  
t o  t h i s  - but  o f t e n  it i s  j u s t  a  means f o r  providing a  good 
' i n t e r f a c e 1  t o  a  busy o r  o therwise  r e l u c t a n t  dec i s ion -  maker o r  group 
o f  decision-makers.  l hus  p r e s e n t a t i o n  g r a p h i c s  may be  generated by  an 
i n t e rmed ia ry  wi th  t h e  r e a l  decision-making performed o f f 1  ine  . Keen 
and Sco t t  k r t o n  [ I  979, p2OI and Nash [19771 d e s c r i b e  t h e  b e n e f i t s  o f  
s imply  r ep l ac ing  nuner ica l  t a b u l a r  o u t p u t  b y  t h e  equ iva l en t  
in format ion  i n  t h e  form o f  p i e  c h a r t s ,  h i s tog rams  and t ime s e r i e s  
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p l o t s .  Che major advantage was increased  in t e rpe r sona l  communication. 
A good p re sen t a t i on  g raph ic s  system w i l l  need a l l  t h e  f e a t u r e s  o f  t h e  
d a t a  a n a l y s i s  system (except  p o s s i b l y  r ap id  o n l i n e  response)  . Usually 
c o l o r  g r a p h i c s  w i l l  b e  requi red .  
D i r e c t  manipulation o f  v i s u a l  images h a s  been shown t o  b e  an 
e f f e c t i v e  - d a t a  r e t r i e v a l  i n t e r f a c e  for  bo th  novice and expe r t  u se r s .  
A pro to type  ' S p a t i a l  Data Management Systemf (SMS) is descr ibed by  
Herot [ 1981, 19821. Users a r e  given a  g raph ica l  view o f  t h e  d a t a  base  
on t h r e e  co lo r  t e rmina l s .  E n t i t i e s  may be  represen ted  on t h e  s c r eens  
b y  i c o n s  (e.g ., images o f  o i l  w e l l s  o r  s h i p s ) .  The p o s i t i o n s  o f  t h e  
i c o n s  on t h e  screen may r e f l e c t  a  r e a l  world s p a t i a l  r e l a t i o n s h i p  
( e.g . , maps showing o i l  l e a s e s )  o r  c l a s s i f i c a t o r y  r e l a t i o n s h i p s  ( e.g . , 
c l a s s e s  o f  s h i p s  by  count ry) .  To query an SMS d a t a  base u s e r s  
manipula te  a  joy-s t ick  t o  pos i t i on  themselves  on a  'world-viewf o f  t h e  
d a t a  on one screen and r ece ive  a  more d e t a i l e d  view o f  t h e  o b j e c t  o f  
i n t e r e s t  t oge the r  w i t h  t e x t u a l  information from a symbolic da t a  base  
on another  screen.  By t w i s t i n g  a  knob they  can zoom-inf t o  o b t a i n  
ye t  more d e t a i l e d  views o r  r e t u r n  t o  a  h ighe r  l e v e l  overview. SINS 
a l s o  provides  a  formal query language  f o r  convent iona l  d a t a  base  
q u e r i e s .  Another exanple  o f  s p a t i a l  d a t a  managgnent i s  descr ibed  b y  
Mcbnald E 19821. In t h i s  ca se  bo th  motion and s t i l l  p i c t u r e s  a r e  used 
t o  f i nd  o b j e c t s  o f  i n t e r e s t  ( f o r  exanp le  i t e m s o n  a  supermarket 
?he SCMS concept o f f e r s  e x c i t i n g  p o s s i b i l i t i e s  s i n c e  it reduces  
1 earning requirements and provides  u s e r s  with an e a s i l y  con t r o l l  a b l  e  
i n t e r f a c e .  Fur ther  r e sea rch  on t h e  advantages  and d i sadvan tages  
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r e l a t i v e  t o  convent ional  d a t a  base  query sys tems  i n  d i f f e r e n t  t a s k  
environments  i s  needed. 
Most exanples  o f  de s ign  g r a p h i c s  occur i n  spec i a l i zed  a r ea s  such  
a s  CAD (Computer Aided Design) i n  manufacturing. Systems a n a l y s t  
'work benches'  a re  another  a r ea  o f  g r e a t  p o t e n t i a l  ( I v i e  1: 19771). 
Workbench systems a l l ow  a n a l y s t s  t o  i n t e r a c t i v e l y  c o n s t r u c t  g r aph ica l  
p o r t r a y a l s  o f  information systems ( d a t a  f low d iagrams, H I F U  c h a r t s  
e t c . )  and t o  l i n k  them t o  a d a t a  d i c t i o n a r y .  CAD and Workbench 
a p p l i c a t i o n s  r e q u i r e  f a c i l i t i e s  f o r  g r a p h i c s  i npu t  and sof tware t o  
manipulate  and s t o r e  t h e  r e s u l t i n g  r e p r e s e n t a t i o n s .  These a r e  h i g h l y  
s o p h i s t i c a t e d  and spec i a l i zed  DSS1s t h a t  w i l l  no t  be  d i scussed  f u r t h e r  
here .  However g raph ica l  automated a n a l y s i s  t o o l s  might b e  s i g n i f i c a n t  
i n  DSS s i n c e  t hey  can h e l p  i n  t h e  r ap id  developnent  o f  r e l i a b l e  
pro to types .  
Most u se s  o f  g r a p h i c s  i n  DSS a r e  pas s ive  i n  t h e  sense t h a t  t h e y  
d i s p l a y  information t h a t  could  o therwise  b e  presented n u n e r i c a l l y .  
This may g r e a t 1  y enhance user  acceptance  and d ecision-making 
capab il i t y .  However conve r sa t i ona l  g r a p h i c s  i s  now be ing  used i n  
i n t e r a c t i v e  problem-solving a p p l i c a t i o n s ,  t o  r e p l a c e  o r  augment more 
t r a d i t i o n a l  management s c i e n c e  a lgo r i t hms .  . Here t h e  p a t t e r n  
r ecogn i t i on  and i n t u i t i v e  problan-solving c a p a b i l i t i e s  o f  humans a r e  
combined with t h e  computat ional  and r e t r i e v a l  c a p a b i l i t i e s  o f  
computers. Jacob and Sprague , [ 1979 1 c i t e  s e v e r a l  p o s s i b i l i t i e s  and 
g i v e  an exanple  o f  op t imal  f a c i l i t y  l o c a t i o n  using human geometr ic  
i n t u i t i o n .  Another exanple  i s  provided by  t h e  GADS (Geodata Analysis  
and Display System) which h a s  been used i n  a nunber o f  s i t u a t i o n s  
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inc lud ing  t h e  redes ign  o f  p o l i c e  b e a t s  (Carlson and Su t ton ,  [ I  9741) 
and school  d i s t r i c t i n g  (Holloway and k n t e y ,  11 9761 1. Dif fe ren t  
o p e r a t i o n s  r e sea rch  models f o r  solving s p a t i a l  problems a r e  u t i l i z e d  
bu t  t h e  key c h a r a c t e r i s t i c  o f  t h e  system is i ts  a b i l i t y  t o  d i s p l a y  
a l t e r n a t i v e  problem s o l u t i o n s  a s  ove r l ays  on maps. 'his was used 
s u c c e s s f u l l y  by  novice u s e r s  t o  r e s o l v e  d i f f i c u l t  m u l t i p l e  c r i t e r i o n  
a l l o c a t i o n  p r o b l m s .  
I n t e r a c t i v e  i n t e r f a c e  g r a p h i c s  i nvo lve  t h e  use o f  g r aph ic  symbols 
and techniques  t o  i nc rease  t h e  e f f i c i e n c y ,  e f f e c t i v e n e s s  and 
s a t i s f a c t i o n  o f  t h e  man-computer i n t e r a c t i o n .  Genera l ly  l d i r e c t  
manipulat ion1 of  s imulated real-world o b j e c t s  i s  invo lved ,  % m e  
i n t e r e s t i n g  exanples a r e  found i n  t h e  a r e a  o f  automated o f f i c e  systems 
where, f o r  exanple ,  t h e  CRT d i s p l a y s  a  desk-top complete with 'papers1  
t h a t  can be  withd rawn from an l in-basket1 , read  and then s tored  i n  
' f i l e  c a b i n e t s 1  or forwarded t o  o t h e r s  (Smith e t  a l ,  [ I  9821). A s  a  
long-range t rend  it seems l i k e l y  t h a t  o f f i c e  automation and DSS 
a p p l i c a t i o n s  w i l l  merge i n t o  a  more g e n e r a l  'Management Support 
System1 . 
Graphics c a p a b i l i t i e s  a r e  r a p i d l y  becoming a  d e f i n i t e  requirement  
f o r  an e f f e c t i v e  DSS. A DSS gene ra to r  should encompass t h e  usual  
bus iness  p re sen t a t i on  g r a p h i c s  a s  well a s  a l l o w  t h e  DSS b u i l d e r  t o  
develop t h e i r  own s p e c i a l i z e d  g raph ic  formats .  Fu ture  DSSTs should 
al low t h e  system f u l l  access  t o  i n t e r a c t i v e  g r a p h i c a l  input  a s  w e l l ,  
s o  t h a t  u s e r s  can communicate using l i gh t -pens ,  mouses, and o t h e r  
i n t e r a c t i v e  graphic  input  d e v i c e s .  
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Voice Communication 
Voice ou tput  from computers i s  now a  common phenomenon i n  s t o c k  
exchange and telephone a p p l i c a t i o n s  where it  r e d u c e s  t h e  c o s t  o f  human 
o p e r a t o r s .  It can a l s o  b e  usefu l  i n  command and c o n t r o l  systems a s  an 
a l e r t i n g  mechanism. We a r e  n o t  aware o f  any  a p p l i c a t i o n s  i n  problem 
so lv ing  DSS a p p l i c a t i o n s .  CXI t h e  o t h e r  hand, v o i c e  i npu t  o f  commands, 
t e x t  and d a t a  could be  o f  g r e a t  use i n  DSS e s p e c i a l l y  f o r  
inexperienced users .  bwever  vo i ce  r ecogn i t i on  systems c u r r e n t l y  work 
o n l y  w i th  l i m i t e d  accuracy on r e s t r i c t e d  vocabu la r i e s .  For t h e  
p re sen t  it may be  p o s s i b l e  t o  use vo i ce  i n p u t  f o r  d a t a  o r  commands 
such a s  menu c h o i c e s  t o  e l i m i n a t e  t y p i n g .  Eventual ly  v o i c e  
r ecogn i t i on  systems and na tu ra l  language p a r s e r s  should b e  per fec ted  
g iv ing  an e n t i r e l y  new type  o f  i n t e r f a c e .  For an overview o f  vo i ce  
i npu t  a p p l i c a t i o n s  s e e  T. Mart in ,  [ 1 976 I .  
The ex t ens ive  a r r a y  o f  d e s i r a b l e  user  i n t e r f a c e  c a p a b i l i t i e s  t h a t  
h a s  j u s t  been presented provides  a  formidable  c h a l l e n g e  t o  t h e  
implementors o f  a  DSS Generator.  'his i s  compounded by  t h e  f a c t  t h a t  
it must provide b u i l d e r s  with t o o l s  t o  b u i l d  t h e i r  own i n t e r f a c e s .  
For t h e  purpose o f  t h i s  s e c t i o n  we w i l l  assume t h a t  t h e  DSS Generator 
c o n t a i n s  prepackaged d a t a  managanent, model ing,  r e p o r t  wr i t i ng  and 
g raph ic s  f a c i l i t i e s .  ltro ques t i ons  a r i s e  ( 1  ) What kind o f  i n t e r f a c e s  
should b e  b u i l t  i n t o  t he  prepackaged sof tware?  (2) What t o o l s  should 
b e  provided fo r  DSS b u i l d e r s  t o  a l l o w  them t o  b u i l d  t h e i r  own 
i n t e r f a c e s ?  We now addres s  t h e s e  ques t i ons .  
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Prepackaged Software I n t e r f a c e s :  A t  a minimun t h e  DSS Generator 
should provide:  
( 1  ) A low s e l e c t i v i t y  prompt/response o r  menu cho ice  i n t e r f a c e  
t h a t  w i l l  a l low e x p e r t s  and novices  t o  i n i t i a l l y  invoke t h e  
major components o f  t h e  DSS. Extending t h i s  i n t e r f a c e  f u r t h e r  
w i l l  a l low novice u s e r s  t o  a c c e s s  predef ined  r e p o r t s  and graphs 
and run e x i s t i n g  models. Thus managers w i l l  b e  a b l e  t o  do 
use fu l  m r k  wi th  a  minimun o f  1 earn ing .  
( 2 )  Concise formal languages with h i g h  e x p r e s s i v e  power t o  a l l ow  more 
e x p e r t  u s e r s  t o  perform d a t a  r e t r i e v a l s  d e f i n e  models,  carry-out  
s e n s i t i v i t y  a n a l y s e s ,  d e f i n e  reports and produce graphs f o r  d a t a  
a n a l y s i s  and p re sen t a t i on  purpo s e s ,  
( 3 )  Online he lp  f e a t u r e s  t h a t  e x p l a i n  major concepts  and commands and 
access  d a t a  and model d i c t i o n a r i e s .  
R e q u i r e m e n t s ( l ) a n d ( 2 )  above should conform t o  a  kind o f  
* sandwich1 p r i n c i p l e .  The prompt/response o r  menu i n t e r f a c e s  should 
be  grown downwards ( s a y  up t o  t h r e e  menu l e v e l s )  u n t i l  usefu l  
prepackaged func t ions  can b e  performed by  nov ice  u s e r s .  (2-1 t h e  o t h e r  
hand the  formal command languages should  ' cover1  t h e  f u l l  
f u n c t i o n a l i t y  o f  t h e  DSS Generator and b e  b u i l t  upwards i n  te rms  o f  
scope and span o f  c o n t r o l  so t h a t  t h e y  o v e r l a p  wi th  t h e  s impler  forms 
o f  i n t e r f a c e .  In  t h i s  way t h e  system can accomodate l e a r n i n g  and a l s o  
s a t i s f y  any  p re fe rences  o f  u s e r s  t o  m i g r a t e  from verbose t o  more 
conc ise  i n t e r f a c e s  over  t ime  ( C i l f o i l  , [ 19821). 
Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-63 
Page 29 
Whi le  t h e  above requirements  seem to  us t o  be  m i n i m a l  we be1 i e v e  
t h a t  commercial DSS Generators  w i l l  soon suppor t  f u l l  screen input  and 
o u t p u t  and some o f  t h e  more advanced g r a p h i c s  i n t e r f a c e s  descr ibed  
abov e . 
Tools  t o  Build I n t e r f a c e s :  The DSS Generator should a t  l e a s t  p rovide  
---
t h e  b u i l d e r  with t h e  following t w  c a p a b i l i t i e s :  
( 1  ) The modeling language should have t h e  input-output  and 
formatt ing c a p a b i l i t i e s  o f  a  modern high-level  language 
such a s  FORTRAN o r  PL/I; t h i s  w i l l  a l low t h e  b u i l d e r  t o  
provide simple forms o f  t h e  query/response and menu 
i n t e r f a c e s .  
(2) Access t o  t h e  prepackaged sof tware  components should b e  
provided v i a  procedure c a l l s  o r  t h e  syntax o f  t h e  
modeling language. This w i l l  a l l ow  b u i l d e r s  t o  provide 
spec i a l i zed  i n t e r f a c e s  f o r  s tandard  q u e r i e s ,  r e p r t s  and 
graphs . 
In a d d i t i o n  it m u l d  b e  d e s i r a b l e  t o  b e  a b l e  access  g e n e r a l  
programming languages and ope ra t i ng  system u t i l i t i e s  v i a  procedure 
c a l l s  from t h e  modeling language.  This would f a c i l i t a t e  ex tens ion  o f  
t h e  t o o l s  a v a i l a b l e  t o  model b u i l d e r s  ( i . e . ,  t h e  b d e l  Base) and a l s o  
a l l ow  acces s  t o  u se fu l  sof tware  packages such  a s  s c r een  forms 
g e n e r a t o r s  o r  g r a p h i c s  packages t h a t  a r e  a v a i l a b l e  on t h e  h o s t  
computer but  n o t  provided b y  t h e  DSS Generator .  
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5. THE USER INTERFACE SYSTEM 
--
The UIS (see  Figure 1) is a s e p a r a t e  ' l a y e r f  o f  sof tware t h a t  
p r o v i d e s  many i n t e r f a c e  f u n c t i o n s  and i s o l a t e s  u s e r s  from v a r i a t i o n s  
i n  phys i ca l  dev ice  c h a r a c t e r i s t i c s  and c o n f i g u r a t i o n s .  Thus t h e  UIS 
p rov ides :  ( 1  1 device independence, ( 2 )  a uniform i n t e r f a c e  fo r  t h e  
u s e r s  t o  s t a t e  t h e i r  r e q u e s t s ,  (3) e l imina t ion  o f  t h e  need for  s p e c i a l  
appl  i c a t i o n  programming to gene ra t e  d i s p l a y s  and r ep r t s  . 
Unt i l  q u i t e  r e c e n t l y  programmers b u i l t  user  i n t e r f a c e s  using t h e  
I / O  and formatt ing f a c i l i t i e s  o f  high-level  l anguages  such  a s  CCWOL, 
PL/1 and APL. Each program contained a complete s p e c i f i c a t i o n  o f  t h e  
communication t o  and from users--complete i n  t h e  sense t h a t  t h e  
o p e r a t i n g  system and device  managers needed no f u r t h e r  information i n  
o r d e r  t o  execute  t h e  communication process .  The advent  o f  smar t  
t e r m i n a l s ,  g r aph ic s  d e v i c e s  and input-output mechanisms t h a t  r e l y  on 
o t h e r  senses  ( t ouch  and sound) has changed t h i s  p i c t u r e .  ?he program 
s t i l l  produces and consumes information i n  a l o g i c a l  sense bu t  t h e  
i n p u t  and p re sen t a t i on  formats  may r e q u i r e  o t h e r  s p e c i a l i z e d  sof tware 
systems and/or access  t o  a d a t a  base .  F u l l  sc reen  formats  f o r  exanple  
a r e  u s u a l l y  d i f f i c u l t  t o  d e f i n e  i n  a h o s t  programming language because 
t h e  l o g i c  and cha rac t e r  codes  involved a r e  dev ice-dependent . Screen 
Manager sof tware can r e l i e v e  t h e  programmer o f  much o f  t h i s  burden b y  
monitor ing t ransmission between t h e  program and te rmina l  and accessing 
a l i b r a r y  o f  sc reen  d e f i n i t i o n s  when invoked by  t h e  program. Note 
t h a t  t h e  screen d e f i n i t i o n s  a r e  s to red  i n  t h e  l i b r a r y  b y  a s e p a r a t e  
process .  a c e  s t o r e d ,  t h e y  can b e  used b y  many programs independent ly  
o f  t h e  language i n  which t h e y  a r e  w r i t t e n .  Tne Screen Manager 
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c o n t a i n s  in format ion  on i n d i v i d u a l  d e v i c e  c h a r a c t e r i s t i c s  and t h e  
a b i l i t y  t o  map l o g i c a l  d e v i c e  i d e n t i f i e r s  t o  p h y s i c a l  d e v i c e s .  Thus 
it a c t s  a s  a  b u f f e r  between t h e  i n t e r f a c e  d e v i c e  and t h e  program 
p r o v i d i n g  what might  b e  c a l l e d  ' i n t e r f a c e  independence'  . All  o f  t h i s  
is  r e m i n i s c e n t  o f  a  d a t a  b a s e  managanent sys tem which p r o v i d e s  s h a r e d  
a c c e s s  t o  d a t a  b y  many d i f f e r e n t  programs t o g e t h e r  with ' d a t a  
independence1 , ( D a t e ,  [1981 I). 
The o t h e r  major components o f  t h e  UIS a s  d e p i c t e d  i n  F igure  1 
( G r a p h i c s ,  Help, Report and Menu Managers) a l s o  p rov ide  t h e  
p o s s i b i l i t y  f o r  i n t e r f a c e  independence.  Again l i b r a r i e s  o f  g raph  
f o r m a t s ,  h e l p  messages ,  r e p o r t  and menu d e f i n i t i o n s  can  b e  b u i l t  up 
and shared  by d i f f e r e n t  a p p l i c a t i o n  programs and subsystems o f  t h e  DSS 
Genera to r .  To produce a  r e p o r t  f o r  e x a n p l e ,  an a p p l i c a t i o n  program 
can w r i t e  t h e  r e l e v a n t  i n f o r m a t i o n  a s  a  s e r i e s  o f  l o g i c a l  r e c o r d s  and 
invoke t h e  Report Manager p a s s i n g  it t h e  i d e n t i f i e r  o f  a  s t o r e d  r e p o r t  
d e f i n i t i o n .  The Report Manager can h a n d l e  f o r m a t t i n g  d e t a i l s  
a u t o m a t i c a l l y  t a k i n g  i n t o  account  b o t h  t h e  c h a r a c t e r i s t i c s  o f  t h e  
d e v i c e  used to  produce t h e  r e p o r t  (CRT, p r i n t i n g  t e r m i n a l ,  l i n e  
p r i n t e r  o r  v o i c e  s y n t h e s i z e r )  and t h e  i d e n t i t y  o f  t h e  u s e r .  The 
l a t t e r  in fo rmat ion  can b e  used t o  cus tomize  t h e  r e p o r t  o r  perhaps  t o  
mask c e r t a i n  f i e l d s  f o r  s e c u r i t y  r e a s o n s .  A s i m i l a r  sequence o f  
e v e n t s  m u l d  t a k e  p l a c e  i f  t h e  r e p o r t  was r e q u e s t e d  i n t e r a c t i v e l y  b y  
t h e  u s e r .  I n  t h i s  c a s e  t h e  u s e r  r a t h e r  t h a n  t h e  a p p l i c a t i o n  program 
would i d e n t i f y  t h e  r e p o r t  d e f i n i t i o n  and d a t a  f i l e .  
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Continuing the  analogy between t h e  UIS and a  DBMS we see a  
s i m i l  ar d i s t i n c t i o n  between host-language and self-contained systems. 
A hos t -  language system provides  s p e c i f i c  c a p a b i l i t i e s  t h a t  can b e  
invoked b y  an a p p l i c a t i o n  program e i t h e r  by  enhancements t o  t he  source 
language  i n  which t h e  program is wr i t t en  o r  through sub-program 
c a l l i n g  procedures.  Self-contained systems a r e  n o t  designed to  b e  
c a l l e d  b y  o t h e r  programs. They t h e r e f o r e  c o n t r o l  t he  user  i n t e r f a c e  
and environment more c l o s e l y  a t  t h e  expense ( u s u a l l y )  o f  g e n e r a l i t y  
and t h e  a b i l i t y  t o  communicate with o t h e r  a p p l i c a t i o n s .  A Screen Form 
Manager designed a s  descr ibed above i s  an exanple  o f  a  host-language 
system. Q t h e  o the r  hand some Presen ta t ion  Graphics packages provide  
exanp le s  o f  self-contained systems. Resul ts  o f  o t h e r  programs must b e  
t r a n s f e r e d  to such systems v i a  f i l e s  o r  even by  da ta -en t ry .  General ly  
se l f -conta ined  systems evolve  i n t o  more g e n e r a l  p u r p s e  systems ove r  
t ime  b y  providing more programming language and f i l e  communication 
c a p a b i l i t i e s .  ?he UIS should be  a  host-language system from the  po in t  
o f  view o f  t h e  DSS-that i s  it m u d  be  c a l l a b l e  from both t h e  command 
and modeling language l e v e l s .  
The G A E  system descr ibed above provides  a  good exanple  o f  a  UIS 
(see  a l s o  Sprague and Carlson, 11982, ch.71 and Yonke and Greenfield 
11 9801). Before l eav ing  t h i s  s e c t i o n  we d e s c r i b e  one a t t empt  t o  b u i l d  
a  UIS i n  more d e t a i l .  ?he DAISY system (Buneman e t  a 1  ,[19781) a l lows 
m u l t i p l e  l o g i c a l  t e rmina l s  o r  'windows1 to b e  d i sp l ayed  on t h e  u se r1  s 
CRT. Each window p rov ides  a  s e p a r a t e  independent  in format ion  channel 
fo r  input  and output  enabl ing  t h e  user  s imul taneous ly  t o  m r k  on 
s e v e r a l  t a sks  o r  to view d i f f e r e n t  in format ion  groupings .  For Command 
and Control systems one window can b e  devoted t o  an a l e r t e r l  f unc t ion  
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t h a t  mon i to r s  a  d a t a  base and/or incoming messages f o r  a  change i n  
system s t a t e  r e q u i r i n g  immediate a t t e n t i o n .  In an o f f i c e  suppor t  
system d i f f e r e n t  windows can b e  devoted to  reminders ,  phone and mail  
messages,  imminent meet ings and so on. The DAISY system also supports  
a  l a r g e  sc reen  fo r  group dec is ion-  making, v o i c e  ou tput  and g raph ic s .  
The windows can b e  moved, o v e r l a i d  and expanded and con t r ac t ed  b y  t h e  
u se r .  Input  d e v i c e s  i nc lude  t h e  mouse and t r a c k b a l l .  
6. THE ROLE OF THE LANGUAGE INTERFACE SYSTEM 
----
Languages provide  t h e  ' glue1 t h a t  a l lows DSS b u i l d e r s  t o  assemble 
i n d i v i d u a l  components i n t o  an i n t e g r a t e d  model to s o l v e  p a r t i c u l a r  
p r o b l m s .  ' hey  a l s o  form an important  p a r t  o f  t h e  i n t e r f a c e  for  
i n t e r m e d i a r i e s  and (pos s ib ly )  managers. However our  placement o f  t h e  
UIS between t h e  user  and the  LIS i n  Figure 1 s e r v e s  t o  emphasize t h a t  
even t h e  most powerful and user- f r i e n d l y  o f  l anguages  may seem 
obscure and d i f f i c u l t  t o  u s e r s  i f  o the r  a s p e c t s  o f  t h e  i n t e r f a c e  such 
a s  communication speed,  e r r o r  r a t e s  and h e l p  f e a t u r e s  a r e  inadequate  
(Turner e t  a l ,  C19821). 
The UIS and LIS j o i n t l y  perform many complex t ransformat ions :  
( 1 )  &tween t h e  i s s u e  o f  a  command by t h e  u se r  and its t r a n s l a t i o n  
i n t o  a  language s ta tement  t h a t  w i l l  a c t i v a t e  ( s ay )  t h e  DBMS o r  MMS, 
( 2 )  Between t h e  ou tput  format  o f  t h e  DBMS o r  MMS and i ts d isp layed  
format a s  viewed by  t h e  user .  Ch t h e  i n p u t  s i d e  f o r  exanple  t h e  
command may be  q u i t e  Engl ish- l ike.  A l t e r n a t i v e l y  it may n o t  i n i t i a l l y  
be  a  language s ta tement  i n  any t r a d i t i o n a l  sense b u t  r a t h e r  a  touch  o f  
a  l ight-pen on t h e  u s e r ' s  s c r e e n ,  a hand g e s t u r e  o r  even an eye 
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movement ( Bolt  E19821). All o f  t h e s e  i n p u t s  must b e  transformed i n t o  
o p e r a t i o n s  which a r e  executed a t  t h e  machine l e v e l .  01 t h e  ou tput  
s i d e ,  a s  we have seen ,  t h e  raw output  from t h e  DSS may be  passed 
through sc reen  forms, r e p o r t  g e n e r a t o r s  o r  even vo ice  s y n t h e s i z e r s  on 
i t s  way t o  t he  user .  The LIS r o l e  i n  t h e s e  t r ans fo rma t ions  i s  t o  
perform t h e  1 anguage t r a n s l  a t i o n s  requi red  . 
In t e rms  o f  system a r c h i t e c t u r e  t h e  DBMS and MMS may each  con ta in  
powerful user - f r iendly  language i n t e r f a c e s .  In  t h i s  c a s e  t h e  UIS and 
LIS might s e r v e  more i n  t h e  r o l e  o f  a  communications front-end 
al though t h e y  should a l so  a l low t h e  b u i l d e r  t o  i n t e g r a t e  t h e  languages 
with s p e c i a l  screen formats ,  h e l p  f e a t u r e s ,  and menu d i s p l a y s .  
A l t e r n a t i v e l y  t h e  DBMS and MMS languages might b e  mathemat ica l ly  based 
and more s u i t a b l e  fo r  e x p e r t  u se r s .  In  t h i s  c a s e  t h e  LIS would 
con ta in  more English-like , use r - f r i end ly  language  t r a n s l  a t o r s .  These 
w u l d  t r a n s l a t e  t o  t h e  DBMS and MMS ' t a r g e t '  languages.  This approach 
i s  used by a  nunber o f  d a t a  base r e t r i e v a l  systems. For exanple  t h e  
' r e s t r i c t e d  na tu ra l  languagef system USL (Lehmann [ 1 9781 ) t r a n s l a t e s  
t o  t he  formal keyword language SQL (Astrahan e t  a l ,  [19751). 
As a  more advanced f e a t u r e  t h e  LIS might a l l o w  DSS b u i l d e r s  t o  
c o n s t r u c t  t h e i r  own 1 anguages s p e c i a l l y  t a i l o r e d  to  f i t  p a r t i c u l a r  
a p p l i c a t i o n s  o r  p a r t i c u l a r  user  s t y l e s .  To d o  t h i s  t h e  LIS would 
con ta in  a  parser-generator  (Aho and Ullman, [I 9781). Note t h a t  some 
n a t u r a l  language i n t e r f a c e s  c o n t a i n  t h i s  f e a t u r e  t o  a l l ow  a p p l i c a t i o n  
s p e c i f i c  vocabulary and grammar rules t o  b e  de f ined  (S tohr  e t . a l .  
C19821). 
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7. CONCLUSION 
Our d i s c u s s i o n  o f  u s e r  i n t e r f a c e s  f o r  DSS was conducted w i t h i n  
t h e  f r a m e m r k  o f  an  a r c h i t e c t u r e  f o r  a  IISS Genera to r .  We surveyed t h e  
phys ic  a1 d e s i g n  a 1  t e r n a t i v e s  and some d e s i g n  p r i n c i p l e s  t h a t  have  
evolved a s  a  r e s u l t  o f  b o t h  p r a c t i c a l  e x p e r i e n c e  and r e s e a r c h .  h r  
d i s c u s s i o n  o f  i n t e r f a c e  f e a t u r e s  was b r o a d l y  based and inc luded  some 
t e c h n i q u e s  t h a t  a r e  s t i l l  under deve lopnen t  i n  v a r i o u s  1 a b o r a t o r i e s .  
Tne commercial success  o f  a  DSS Generator  i s  s t r o n g l y  r e l a t e d  to 
t h e  q u a l i t y  o f  i t s  u s e r  i n t e r f a c e .  b w e v e r  a s  we have seen t h e r e  a r e  
a  b e w i l d e r i n g  nunber o f  f e a t u r e s  t h a t  migh t  b e  provided.  These tho 
f a c t s  l e a d  us t o  b e l i e v e  t h a t  c u r r e n t  p iecemeal  approaches  t o  t h e  
p r o v i s i o n  o f  i n t e r  f a c e  c a p a b i l i t i e s  w i l l  b e  r e p l a c e d  b y  more o r g a n i z e d  
approaches  employing g e n e r a l i z e d  s o f t w a r e  and based on ' l o g i c a l  
models1 of  u s e r  i n t e r  f a c e  r e q u i r e m e n t s .  'Ihe r e c e n t 1  y  developed CORE 
Graph ics  s t a n d a r d  (Michener and van Dam C19781) e x e n p l i f i e s  a  movement 
toward a  t h e o r y  o f  u s e r  r e q u i r e m e n t s  and s t a n d a r d  g r a p h i c s  o p e r a t i o n s  
f o r  t h e  implementation o f  u s e r  i n t e r f a c e s .  We e x p e c t  t h i s  t r e n d  to  
c o n t i n u e  and t h a t  s o f t w a r e  resembl ing  t h e  UIS d e s c r i b e d  i n  t h i s  p a p e r  
w i l l  b e  developed.  Providing u s e r  i n t e r f a c e  s e r v i c e s  i n  t h i s  way w i l l  
a l l o w  t h e  DBMS, MMS and use r  developed mode ls  t o  s h a r e  t h e  same 
i n t e r f a c e  program l o g i c .  Device independence a t  t h e  p h y s i c a l  l e v e l  
and what we have c a l l e d  i n t e r f a c e  independence a t  t h e  l o g i c d l  l e v e l  
w i l l  b e  a  n a t u r a l  outcome o f  t h i s  s e p a r a t i o n  o f  s o f t w a r e  f u n c t i o n s .  
F i n a l l y ,  and most i m p o r t a n t l y ,  t h e  UIS w i l l  p r e s e n t  a  uniform and 
c o h e r e n t  i n t e r f a c e  t o  t h e  u s e r .  
Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-63 
Page 36 
REFERENCES 
1. Aho, A.V. and J.D. Ullman, P r i n c i p l e s  - o f  Compiler Design, 
Addison-Wesley Reading, Mass., 1978. 
2. A l t e r ,  S.L., Decision Support Systems: Curren t  P r a c t i c e s  - and 
Continuing Challenges,  Addison-Wesley, Reading, Mass., 1980. 
3. Astrahan,  M.M.  and Chamberlin, D.D.,  ' Implementation o f  a 
S t ruc tu red  English a e r y  Language' , Communication --- o f  t h e  ACM, 18, 
October ,  1975. 
4. B o l t ,  Richard A. ,  'Eyes a t  t h e  I n t e r f a c e '  , Proceedings Human 
F a c t o r s  - i n  Computing Systems, Gai therburg ,  Maryland, March, 1982. 
5. Bonczek, Robert H., Clyde W. Holsapple and Andrew B. Whinston, 
'The Evolving Roles o f  % d e l s  i n  Decision %ppor t  Systems' ,  
Decision Sciences,  pp. 337-356, Vol. 11, 1980. 
6. Buneman, 0. Pe t e r ,  Howard L. Morgan and Michael D. Zisman, 
D i s p l a y  F a c i l i t i e s  f o r  DSS Support :  The Daisy Approach', 
Database,  Vol. 8, No. 1, Winter ,  1977. 
7. Car l son ,  E.D. and J.A. Su t ton ,  ' A  Case Study o f  Non-Programmer 
I n t e r a c t i v e  Problem 2olving'  , San Jose ,  Ca l i f . ,  - IBM Research 
Repor t ,  RJ1382, 1974.. 
8. b t e ,  C.J., An In t roduc t ion  --- t o  Data Base Systems, Addison-Wesley, 
Reading, ~ a s = ,  1981. 
9. Donovan, John, J.,  'Database System Approach t o  Managanent 
Decision Support'  , Transac t ions  - on Database Systems, Vol. 1, No. 
4,  pp. 344-369, December, 1976. 
10. hnsmore ,  Herbert ,  'Designing an I n t e r a c t i v e  F a c i l i t y  f o r  
Non-Programmers' , - Proc . - ACM National Conference, 1980, pp. 
475-4 83. 
11. E lan ,  Joyce J . ,  John C. Henderson and Louis W. Miller, 'Model 
Managanent Systems: An Approach t o  Decision Support i n  Complex 
Grganizat ions '  , Proc. 1 s t  I n t e r n a t i o n a l  Conference on Information 
-- -
Systems, h i l a d e l p h i a . ,  PA, December, 1980. 
12. EMPIRE: Applied Data Research, Inc. ,  P r ince ton ,  NJ, 1982. 
13. EXPRESS: Managaoent Decision Systems, Waltham, Mass., 1982. 
14. FOCUS: Information E b i l d e r s  Inc. ,  N e w  York, NY, 1982. 
. 15. Gaines,  Brian R., 'The Technology o f  Interaction--Dialogue 
Programming Rules ' ,  I n t .  Journa l  - o f  Man-Machine S t u d i e s ,  20, 
1981 , Pp. 133-1 50. 
Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-63 
Page 37 
16. G i l f o i l  , D., 'Warming Up t o  Computers: A Study o f  Cogni t ive and 
A f f e c t i v e  I n t e r a c t i o n  over  Time' , Proceedings Conference -- on Human 
F a c t o r s  - i n  Computer Systems, Gai thersburg ,  Maryland, March, 1982. 
17. Ginzberg, M. J. and E.A. S t o h r ,  'Decis ion Support Systems: 
I s s u e s  and Perspec t i v e s 1  i n  Ginzberg , M. J. , W. Reitman and E. A. 
S tohr  (Eds) , Decision Support Systems: Proceedings - - -  o f  t h e  NYU 
Symposiun , - 1981, North-Holland ( forthcoming) . 
18. Greenbla t t  , D. and J. Waxman, ' A  Study o f  l h r e e  Database W e r y  
Languages' , i n  B. Shneiderman (Ed .) Databases: Improving 
U s a b i l i t y  and Responsiveness,  Acadmic P re s s ,  New York, 1979. 
-
19. Herot C.F., ' S p a t i a l  Management o f  Data1 , - ACM Transac t ions  on Data 
-- 
Base Management Systems, 5, 1981, pp. 493-513. 
-
20. H i l t z ,  S.R. and M. Turof f ,  - ?he Ne twrk  Nation: Hum an 
Communication - v i a  Computers, Addison-Wesley, Reading, Mass., 1978. 
21. Holloway, C.A. and P.E. Mantey, 'An I n t e r a c t i v e  Procedure for  
t h e  School Boundary Problan with Declining Enrollments1 , 
w e r a t i o n s  Research, Vol. 23, No,  2, pp ,  191-206, March-April, 
1 975. 
22. Human Fac tors :  Proceedings o f  Conference - -  on Human Fac to r s  - i n  
Computer Systems, ~ a i t h e r s b u r g ,  Maryland, March, 1982. 
23. Huysmans, J. H.B.M. 'The Implementaion o f  Cpera t ions  Researchf , 
Hew York: Wiley-Interscience,  1970. 
24. IFPS:EXECUCCN Systems C o r p r a t i o n  , Austin,  Texas, 1982. 
2j. I v i e ,  E. L. ,  'The Programmer' s Workbench - A Machine f o r  Software 
Developnentl , Communications o f  t h e  ACM, 1977, 20, pp. 746-753. 
--- 
26. Jacob, Jean-Paul and Ralph H. Sprague, J r  . , 'Graphical  Problem 
Solving in  = S f ,  -- Data Base, Vol. 12, Nos. 1 and 2 ,  F a l l ,  1980. 
27. Keen, P.G.W. and M.S. Sco t t  Morton, Decision Support Systems: 
An Ckganizational Pe r spec t ive ,  Addison-Wesley, Reading, Mass, 
- 
1 978. 
28. Keen, Peter  G.W., 'Adapt ive Design f o r  Decision Support Systems1, 
Database, 12, F a l l ,  1980. 
29. Lehmann, H., ' I n t e r p r e t a t i o n  o f  Natural Language i n  an Information 
System1, - IBM Journal  - o f  Research - and Developnent, 22, September, 
1 978- 
30. Mantey, P. and E. Carlson,  ' I n t e g r a t e d  Data Bases and Muncipal 
- 
D e c i s i o n - ~ a k i n ~ '  , - Proc. - MIPS -- 1975 NCC, MIPS P r e s s ,  Montvale, 
NJ, 1975. 
Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-63 
Page 38 
31. Mart in ,  J. , Design - o f  Man-Computer Dialogues, Englemod Cliffs, 
N 3, Prentice-Hall  , 1973, 
32. Mar t in ,  T.B., ' P r a c t i c a l  Applicatons o f  Voice I n p t  t o  Machines' , 
Proceedings --- o f  t h e  I E E E ,  64, 1976, pp . 487-500. 
33. Mason, R.O. and 1.1. Mi t ro f f ,  ' A  Program f o r  Research on 
Hanag anent Information Systems1 , Managanent Science,  Vol. 19, No. 
5,  1973, PP.  475487. 
34. Mcbna ld ,  N, H.,  'Mu1 ti-media Approach t o  User I n t e r f a c e r  , Proc. 
NYU Sympsiun on User I n t e r f a c e s ,  New York, 1982. 
- -- 
35. Meador, C.L. and D.N.  Ness, 'Decis ion % ~ p o r t  Systems: An 
Application i n  Corporate Planning , Sloan Manag enent Review, Vol . 
15, Winter ,  1974. 
When People Use Computers: An Approach t o  36. Mehlmann, M . ,  -
Developing - an In t e r  f a c e ,  Prentice-Hall  , ~ n ~ l = o d  C l i f f s ,  NX 
1 981. 
Michener , J.C. and A. van Dam, ' A  Funct ional  Overview o f  t h e  
Core System with Glossary1 , Computing %rveys , 10, Ikcember, 1978. 
M i l l e r ,  L. H., ' A  Study i n  Man-Machine I n t e r a c  t i o n '  , Proc , National 
Computer Conference, 46, AFIF'S Press ,  Montvale, NJ, 1977. 
M i l l e r ,  Robert B., 'Response Time i n  Man-Computer Conversational 
Transact ions1 , Pfoc . Spring J o i n t  Computer Conference - 1968, 33, 
AFIPS Press ,  NJ, p p .  267-277. 
Nash,  David R . ,  'Bui lding EIS, A U t i l i t y  f o r  Dec i s ions1 ,  b t a b a s e ,  
8 ,  Winter ,  1977. 
Neman, W.S. and Sprowl l ,  R.F. P r i n c i p l e s  - o f  I n t e r a c t i v e  
Computer Graphics,  McGraw-Hill , New York, 1979. 
PLAM DSS Reference Manual , OR/MS Dialogue, New York, 1982. 
RAMIS: Mathematics Inc . , Pr ince ton ,  New J e r s e y ,  1982. 
Remus, William, 'An Empirical Study o f  Graphical and Tabular 
Displays and ?he i r  I n t e r a c t i o n  with Ikmand V a r i a b i l i t y i  9 -  Proc. 
15th Hawaii I n t e r n a t i o n a l  Conference on System Sciences ,  1982, 
- -
Roberts, T. L. , 'Eva lua t ion  o f  Computer Text Ed i t o r  st , Fh .D. 
D i s se r t a t i on ,  Ikpartment o f  Computer Sc ience ,  Stanford Univers i ty ,  
1980. 
Robertson, G. ,  D. McCracken and A. Newell, 'The ZOG Approach t o  
Man-Machine Communication1, - I n t .  Journa l  o f  Man-Machine S tud ie s ,  
14, 1981, 461-488. 
Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-63 
47. Savage, R.L., J.K. Habinek and T.W. B a r n h a r t ,  'The Cesign 
S i m u l a t i o n ,  and Eva lua t ion  o f  a Menu Q-iven User I n t e r f a c e '  , 
Proceed ings  Conference - -  on kman F a c t o r s  - i n  Computer Systems,  
G a i t h e r s b u r g ,  Maryland, March, 1982. 
S c h n e i d e r  , M . ,  'Ergonomic C o n s i d e r a t i o n s  i n  t h e  Cesign o f  Cont ro l  
Languages ' ,  Proc. N Y U  S y m p s i u n  on User I n t e r f a c e s ,  New York, 
- - -- 
May, 1982. 
Ehneid erman , B., Sof tware  Psychology: Human F a c t o r s  - i n  Computer 
and In fo rmat ion  Systems,  Winthrop P u b l i s h e r s  I n c . ,  1980. 
-
Shneiderman, B. 'The Fu tu re  o f  I n t e r a c t i v e  Systems and t h e  
Emergence o f  D i r e c t  M a n i p u l a t i o n ' ,  Proc .  NYU S y m p s i u n  on User 
-- -- 
I n t e r f a c e s ,  New York, May, 1982. 
Simon, H . A . ,  R e  New S c i e n c e  - o f  Managment D e c i s i o n s ,  Harper and 
Row, New York, 1960. 
SIMPLAN: Simplan Systems I n c . ,  Chapel H i l l ,  North Caro l ina ,  1982. 
% i t h ,  C . ,  C. I r b y ,  R. Kirnball,  B. Verplank and E. Hars ten ,  
D e s i g n i n g  t h e  S t a r  User I n t e r f a c e 1  , - B y t e , 7, A p r i l ,  1982, p p .  
2 42-2 82. 
Sprague,  R . H . ,  J r .  and E.D. C a r l s o n ,  b i l d i n g  E f f e c t i v e  k c i s i o n  
S u p p o r t  Systems,  Prent ice-Hal  I n c . ,  Eng lemod  C l i f f s ,  NJ, 1982. 
* rague ,  R . H . ,  J r .  and H. J. Watson,  ' A  Decis ion Support  System 
f o r  Ehnks l ,  CMEGA Vol. 4, pp .  657-671, 1976. 
Stohr  , E . A . ,  J.A. T u r n e r ,  Y. V a s s i l i o u  and N.H. W h i t e ,  
'Resea rch  i n  Natural  Language R e t r i e v a l  Systems1 , Froc. 15 th  
-- 
Annual Hawaii I n t e r n a t i o n a l  Conference - on System S c i e n c e s ,  Hawaii ,  
1 982. 
Stohr  , E.A. and N.H. Whi te ,  'Languages  f o r  k c i s i o n  Support:  An 
Overviewf Working Paper  #64 ,  Gradua te  Echo01 o f  h s i n e s s  
A d m i n i s t r a t i o n ,  New York U n i v e r s i t y ,  September ,  1982. 
Turner ,  J., M .  J a r k e ,  E.A. S t o h r ,  Y. V a s s i l i o u  and N.H. W h i t e ,  
'Using R e s t r i c t e d  Natura l  Languages f o r  Data R e t r i e v a l  : A 
Labora to ry  and F i e l d  E v a l u a t i o n '  , F'roc. fl Symposiun User 
I n t e r f a c e s ,  H e w  York, May, 1982. 
User I n t e r f a c e s :  P roceed ings  - NYU Symposiun - -  on User I n t e r f a c e s ,  
Graduate  School o f  Eus iness  A d m i n i s t r a t i o n ,  New York U n i v e r s i t y ,  
May, 1982. 
V a s s i l i o u ,  Y, and M. J a r k e ,  ' Q u e r y  Languages:  A Taxonomy1 i n  
Proc. NW Symposiun on User I n t e r f a c e s ,  New York, 1982. 
-- -- 
VISICALC: Software Arts I n c . ,  Cambridge,  Mass., 1982. 
Center for Digital Economy Research 
Stem School of Business 
Working Paper IS-82-63 
Page 40 
62. XSIM: I n t e r a c t i v e  Eata b r p r a t i o n  , Waltham, Mass, 1982. 
63. Wilkinson,  Leland, 'An Experimental Evaluation o f  M l  t i v a r i a t e  
Graphical  Point Representat ions '  , Proceedings hman Factors  - i n  
Computing Systems, Gai thersburg,  Maryland, March, 1982. 
64. Yonke, Martin D. and Norton R. Greenf ie ld ,  'An Information 
Presenta t ion  System fo r  Decision Hake r s r ,  Data Base, Vol. 12, 
--
Nos. 1 and 2 ,  F a l l ,  1980. 
65. Z loo f ,  M . ,  'Query b y  Exanple: A Data Base Language1 , - IBM Systems 
J o u r n a l ,  4,  1977. 
66. Zmud, Robert W . ,  Ind iv idua l  Di f fe rences  and MIS Success: A Review 
o f  t h e  Empirical L i t e r a t u r e ,  Manag anent Science,  25, 1979. 
Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-63 
